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Abstract 
 
Crystal River (8CI1) is a Woodland period archaeological site on the west-central Gulf 
Coast of Florida, famous for its diverse suite of exotic artifacts typical of the Hopewell Interaction 
Sphere, as well as its monumental shell mounds which surround a central plaza. Historically, these 
plazas are utilized as spaces for cultural expression, daily interactions between members of the 
community, economic exchanges, and discourse of all types. They also serve as a symbolic space, 
embodying social and political relations that are critical to the formation and maintenance of 
cultural identity. These spaces are challenging to study using conventional archaeological 
techniques since they were often swept clean and kept free of debris, thus discouraging the 
possibility of recovering artifacts of any significant size. Instead, my study utilizes integrated 
geoarchaeological techniques, such as microartifact analysis, soil chemical analysis, ground-
penetrating radar, and magnetic survey in order to reconstruct plaza activities.  
The results indicate a stark difference in function between the northern and southern ends 
of the plaza. The South Plaza demonstrates high concentrations of elements associated with food 
preparation and consumption, particularly P, Sr, K, and M, high microartifact densities, and an 
associated strong magnetic anomaly. On the other hand, phosphate depletion is observed in the 
North Plaza, and it is generally barren of micro-artifacts, despite the possible presence of a few 
geophysical anomalies. This area appears to have been kept free of debris, save for a charcoal 
deposit and elevated K and Mg directly in front of Mound H, which may allude to ceremonial or 
other functions not associated with food. 
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Chapter 1: Introduction 
 
Plazas are enigmatic spaces from an archaeological vantage, in that they are defined mainly 
(but perhaps superficially) by the absence of occupational debris, but are presumed to have been 
the nexus of important activities in the past.  Historically, plazas are utilized as spaces for cultural 
expression, daily interactions between members of the community, economic exchanges, and 
discourse of all types. Kidder (2004:515) describes plazas as “one of the central design elements 
of community planning and intra-site community organization.” They also function as a symbolic 
space, critical to the formation and maintenance of cultural identity, while also embodying social 
and political relations (Low 2000). Despite this, archaeological studies in the Southeast have 
traditionally focused on the construction and function of the mounds that adjoin and define the 
edges of plazas; the idea of plazas as spatial and architectural elements has been largely neglected. 
This is no doubt due to the greater visibility of mounds, but also because plazas were frequently 
kept free of occupational debris, making them difficult to study using conventional archaeological 
techniques. Geoarchaeological methods offer a better means of testing these ostensibly “empty 
spaces,” but have rarely been employed. 
My study utilizes various integrated geoarchaeological techniques to identify distinct 
activity areas within the plaza at the Crystal River site (8CI1) in west-central Florida (Figure 1.1). 
Further, I seek to provide evidence for the types of activities which may have occurred there. 
Crystal River is one of the most famous sites of the Woodland period (1000 B.C. to A.D. 1000) 
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Figure 1.1: Location of Crystal River, including its location in regional context. Map courtesy of 
Thomas J. Pluckhahn. 
 
 
of eastern North America, and is preserved as a Florida State Park and National Historic Landmark. 
Among its distinctive architectural features is a roughly rectangular plaza (approximately 220 m 
long, 50 m wide) bordered on two sides by burial mounds (Mound G and Mounds C-F), and 
bookended by platform mounds to the north (Mound H) and south (Mounds J and K, see Figure 
1.2). Recent investigations suggest this may be the earliest plaza-platform mound arrangement in 
eastern North America, dating to around A.D. 300 (Pluckhahn et al. 2015). This research operates 
under the assumption that the plaza at Crystal River functioned in a manner similar to at other sites 
in the Southeast for which archaeological and ethnohistorical data is available, such as functioning 
as a space for ritual, worship, games, and other social interactions (Black 1967; Kidder 2004; 
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Figure 1.2: Map of Crystal River State park, with known architectural features. Map Courtesy of 
Thomas J. Pluckhahn. 
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Pluckhahn 2003; Russo et al. 2006; Sears 1982). Elucidation of specific plaza activity areas will 
contribute to our understanding of the use of space, social relations, and negotiations of power 
within the built environment of Crystal River. 
Crystal River is famous as the southernmost expression of the Hopewell Interaction Sphere, 
as well as one of the largest and most complex of Florida’s mound sites (Pluckhahn and Thompson 
2014). Intensive excavations focused on the Main Burial Complex were carried out early in the 
twentieth century by Clarence B. Moore (Moore 1903, 1907, 1918), although his field methods 
were questionable and his reporting inadequate. Moore recovered dozens of Hopewellian artifacts, 
including copper and meteoric iron implements possibly from as far away as the Great Lakes 
(Pluckhahn et al. 2010). Gordon Willey (1948) later analyzed ceramics from the site but struggled 
to produce an accurate representation of the culture sequence. Hale Smith (1951), Ripley Bullen 
(1951, 1953, 1966), and Brent Weisman (1995) all conducted subsurface excavations in an attempt 
to recover evidence which would suggest Mississippian Period (approximately A.D. 1000 to mid-
1500’s) occupation; however, they were largely unsuccessful (Pluckhahn et al. 2010:167; 
Weisman 1995:35). Finally, the Crystal River Early Village Archaeological Project (CREVAP) 
has conducted the most comprehensive investigation of the site to date, which includes resistance 
surveys across approximately one-half of the site’s core area, including the northern end of the 
plaza, which indicated the area was generally free of shell midden (Pluckhahn et al. 2010:170, 
177).  
Although the plaza (Figure 1.3) has not been the site of concerted investigation under 
CREVAP, the limited work that has been conducted permits some preliminary observations. 
Blankenship (2013) examined the artifacts from cores retrieved from the plaza and elsewhere at  
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Figure 1.3: Crystal River Plaza. View to the northeast from Mound G, with Mound H in the 
background. 
 
 
Crystal River. Her thesis indicates that the northern end of plaza was free of occupational debris, 
as expected. However, one area in the plaza produced higher than expected densities of lithics, 
suggesting the possibility of some type of activities, perhaps the sort of craft production observed 
near mounds on Hopewell sites in the Midwest. Norman’s (2014) analysis of soils from the cores 
suggested the possibility of a feature in the plaza. The resistivity data collected in 2008 indicated 
that there was a small anomaly located near the center (Pluckhahn and Thompson 2009). This 
likely corresponds to some type of feature, perhaps the large posts typical of plazas in later time 
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periods in the eastern United States. However, work conducted in the southern end of the plaza 
has been confined solely to Norman’s (2014) analysis of soil cores.  
The main goal of this research is to determine similarities and differences in the use of 
space throughout the sample area. Due to the limited work conducted within this area, it is not 
currently understood if the southern end actually functioned as part of the plaza in the same manner 
as the northern end is suspected to. To investigate this, the sample area includes all of the “empty” 
space between the mounds mentioned above, and thus assumes that both the northern and southern 
ends constitute the entirety of the plaza. Today, the sample area is bisected by a modern walkway 
constructed for the state park, splitting it almost down the middle. Therefore, I utilized this 
walkway to serve as a line of demarcation between the northern and southern ends of the plaza, 
and they will heretofore be referred to as the “North Plaza” and “South Plaza” to facilitate 
comparisons (Figure 1.4). For example, is the southern end of this space as “clean” and free of 
debris as the northern end? Were activities homogenous across the entire sample space, suggesting 
both ends of this space were utilized for the same purposes, or are they concentrated at specific 
loci? 
To follow up on these questions and investigate activity patterns, I utilize four 
complementary geoarchaeological techniques: ground-penetrating radar (GPR) and magnetic 
surveys, as well as microartifact and soil chemical residue analysis. As noted above, resistivity has 
already been conducted on the northern end of the plaza. I employ ground-penetrating radar and 
magnetic survey to provide a complementary perspective and perhaps identify features that would 
not be picked up by resistivity. Utilizing the soil cores recovered by Norman (2014), I employ 
microartifact and soil chemical residue analysis. The purpose of the microartifact analysis was to 
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Figure 1.4: North and South Plaza demarcated. 
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compare microartifact diversity and density between cores to aid in the identification of specific 
activities and activity areas. Soil chemical residue analysis was utilized to further investigate these 
activities and establish the associations between microartifact and chemical patterning across the 
sample area. Integrating these multiple lines of evidence provides support for inferences 
concerning activity areas and the reconstruction of specific activities.   
Conceptually, this research is grounded in theories concerning the use of space, or 
spatialization of culture, which is the social construction and social production of space (Lawrence 
and Low 1990; Low 1995, 1996, 2000). Low describes the social construction of space as all the 
social, economic, ideological, and technological factors which result in the physical creation of 
material setting; on the other hand, social production of space is the transformation of space via 
“social exchanges, memories, images, and daily use” into actions that convey meaning (Low 
2000:128). Due to the fact that space is produced by social and economic relations, certain aspects 
of culture may be spatially embedded, such as relations of power and social structure.  
For example, Graves and Keuren (2011) proposed that the transition to panoptic, plaza-
oriented village layouts in Pueblo communities reflected the perpetuation of a new social order 
and was “an expression of disciplinary power through which the practices of individuals and 
groups that constitute whole communities are constantly monitored” (Graves and Keuren 
2011:264). Evidence for activities such as craft production occurring in public space (as opposed 
to domestic contexts), such as the plaza at Crystal River, could suggest an emergent political 
centralization among an individual or group of individuals who were responsible for monitoring 
and controlling the production of goods. On the other hand, evidence for activities such as public 
feasting may imply a more corporate-like structure to the society, where members work together 
to achieve common goals and power is achieved through collective action (Fargher et al. 2011). 
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Therefore, this research will focus on the social use of public space as well as the sociopolitical 
and economic forces responsible for its creation.  
My research innovates through the integration of several geoarchaeological techniques 
which hold great potential for investigating “empty” spaces such as plazas but are woefully under-
utilized at southeastern prehistoric sites, especially Woodland Period civic-ceremonial centers. 
Further, this project considers multiple overlapping datasets whereby inferences concerning 
various activities and their locations in public space can be more strongly supported. The 
methodology presented provides the empirical data required to identify the nature and intensity of 
specific activities and the location of activity loci, while the theoretical framework of spatialization 
will allow me to interpret these data to reconstruct the routine practices, social use of space, 
relations of power, and social structure intrinsic to the early village society at Crystal River.  
In the chapter that follows, I discuss important background information on Crystal River, 
as well as the previous archaeological work conducted at the site. The theoretical approach for this 
research is presented next on Chapter 3, followed by an explanation of the methodology employed 
in Chapter 4. In Chapters 5, 6, and 7, I present the results of the analyses conducted on the soil 
chemistry, micro-artifacts, and geophysical survey, respectively. The results are examined together 
and discussed in Chapter 8, where I suggest the South Plaza was utilized for activities such as food 
preparation and production, while the lack of micro-artifacts as well as phosphate depletion in the 
North Plaza may imply this space may have served other functions which did not involve organic 
materials. Finally, a summary of this research is presented in Chapter 9, as well as the limitations 
of this project and opportunities for future studies on the Crystal River plaza.  
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Chapter 2: Background 
 
The Crystal River site is located in Citrus County, Florida, situated near an extensive 
estuarine system on the central Gulf Coast and overlooking its namesake waterway and a plethora 
of offshore islands to the south. Originating at a series of springs southeast of the site in King’s 
Bay, the river flows about 8 km and empties into the Gulf of Mexico. The site lies within the 
“Coastal Lowlands” section of the Coastal Plain province, which borders the entire Florida coast 
at elevations less than 30 m (Cooke 1945; Pluckhahn et al. 2009). The Coastal lowlands are 
composed of a series of marine terraces formed as Pleistocene shorelines, and the site itself sits on 
a limestone and dolomite shelf known as the Pamlico terrace. This terrace is composed mainly of 
sand and clayey soil, and the eight different soil types found at the site can generally be described 
as poorly drained to very poorly drained sand and mucks (Pliny et al. 1998; Pluckhahn et al. 2009).  
Three main soil types dominate within the boundaries of the state park. The first, and most 
prominent, is Quartzipsamments, a relocated sandy soil often associated with urban development. 
This soil type covers about 60 percent of the site, and although it is usually attributed to modern 
earth-moving operations, most of the soils at Crystal River were the result of activities performed 
by native people (FDEP 2000; Norman 2014; Pluckhahn et al. 2009). In the southeastern quadrant 
of the site, the dominant soil is Matlacha, a limestone-substratum soil type which is considered fill 
material and is also associated with development. The soil located here is most likely the result of 
the development of a mobile home park on this part of the property in the second half of the 
twentieth century. Finally, the northeastern portion of the site consisting of Mound H and the Plaza 
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is characterized by Okeelanta-Lauderhill-Terra Ceia mucks. This is a poorly drained, calcareous 
soil with a limestone substrate generally within 2 m of the surface, which creates swampy areas in 
low-lying sections of the topography. Okeelanta muck is also found in the marshy areas west of 
the site (Norman 2014). The poor drainage of the northeastern quadrant (which includes the plaza) 
is believed to result from the construction of the road which leads into the state park, suggesting 
this area may have not been as wet in prehistoric times (Ellis 2006). Although a mobile home park 
was constructed on the property in the southeastern quadrant near Mound A, this development did 
not extend into the plaza area. Further, no major earth-moving operations (prehistoric or modern, 
including archaeological investigations) have taken place there, suggesting the soils are, for the 
most part, unmodified by humans since prehistoric times. 
In terms of its ecosystem, Crystal River is characterized by one of the most pristine open 
marine coastal marsh systems in the United States, abundant with fish, oysters, and all manner of 
aquatic flora and faunal species that have thrived there for thousands of years (Wilcox 1884). 
However, as previously noted, sea levels have fluctuated through time, being much lower early on 
in the site’s history. This is clearly demonstrated by the excavations of Bullen and CREVAP, 
which demonstrate that the midden extends below the current water table (Pluckhahn et al. 2010). 
This evidence is corroborated by pollen analyses performed by Kendal Jackson (2016) which 
indicate the extent of marsh and upland plant species fluctuated in accordance with sea level rise 
and decline. Further, similar trends in sea level rise and decline have been documented and 
modeled by researchers across other Florida Gulf sites (see Goodbred et al. 1998; Wright et al. 
2005).  
This suggests the initial settlement of Crystal River may have been located farther from the 
Gulf than it is today, and consequently farther from the shellfish beds which sustained the 
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population during the later phases. Faunal data indicates the earliest inhabitants (when sea level 
was lower) incorporated slightly more terrestrial animals and fish from the adjacent river into their 
diet (compared to later phases), supplementing the shellfish gathered on canoe trips into the Gulf 
(Pluckhahn et al. 2010). Nevertheless, although they may have been slightly more reliant on 
terrestrial species early on, aquatic resources like fish and shellfish were always the most important 
component of the Crystal River diet. Shellfish such as the oysters found at Crystal River tend to 
grow best in brackish waters, and as sea level rose over time this resource would have become 
more easily accessible. As shellfish beds appeared closer to the site, these resources took 
precedence in the diet. Although this community was especially adapted to aquatic subsistence, 
the environs surrounding the site was plentiful with terrestrial game including deer, bears, and 
possum, thus affording the people of Crystal River plenty of dietary options.  
The subsistence method practiced at Crystal River, which consisted of hunting, gathering, 
and fishing, supported the labor force responsible for constructing the monumental shell mounds 
throughout the site. This subsistence strategy carried the benefit of not only feeding the population, 
but also providing the raw material, most notably the shell of the common eastern oyster 
(Crassostrea virginica), to create these monumental structures.. Like many coastal communities 
of the time, the people of Crystal River collected shellfish (oysters, marsh clams, crown conch), 
fished (species include catfish, drum, sharks, mullet, and jack), and hunted deer, bear, raccoon, 
turtle, possum, and other small mammals and reptiles (Milanich 1994:214). They also collected 
wild plants from around the salt marshes and river banks surrounding the area.  
 
Phases of Occupation 
Understanding the development of Crystal River has perplexed researchers since the 
beginning of concerted investigations at the site. For Bullen (1951, 1953, 1966), the mystery of 
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Crystal River derived from the simultaneous presence of Hopewellian artifacts suggesting a 
Woodland period occupation, as well as flat-topped “temple” mounds and negative-painted 
pottery, characteristics believed at the time to be purely Mississippian  in origin. Further, he 
described the site as being “large and complicated,” perhaps more so than he was expecting (Bullen 
1951: 142). Similarly, teasing out the chronology and occupational history of Crystal River has 
been a large and complicated task that has taken researchers the better part of a century to figure 
out (see Bullen 1951; Moore 1903, 1907, 1918; Pluckhahn et al. 2015; Weisman 1995; Willey 
1948).  
Willey (1948) made the first advances in this area through the study of the site’s artifact 
assemblage, particularly the negative-painted ceramics. However, thanks to the most recent 
research at the site carried by Pluckhahn and colleagues (2015), it is now known that Crystal River 
was constructed and occupied in the Middle to Late Woodland Period. Further, Pluckhahn and his 
team were able to identify four broad, but distinct, phases of midden deposition characterized by 
“diverse activities and temporalities, including both repetitive, small scale refuse disposal and 
temporally discrete, larger-scale depositional episodes” (Pluckhahn et al. 2015:19). I will discuss 
these temporal phases in more detail as well as describe the cultural traditions that arose during 
these periods in the coming sections, but first it is necessary to illustrate the general societal 
conditions and distinctive regional traditions that developed during the Woodland period among 
the aboriginal Southeastern peoples. 
The currently accepted chronology for the Southeast United States defines the Woodland 
period as beginning around 1200 to 1000 B.C. and terminating at roughly A.D. 1000. The period 
is also divided into three sub-periods, termed Early Woodland (1200 to 100 B.C.), Middle 
Woodland (100 B.C. to A.D. 500), and finally the Late Woodland (A.D. 500 to 1000). However, 
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the points at which this period and the three sub-periods begin and end vary slightly across the 
Southeast from region to region. The Woodland is preceded by the Archaic period (11,500 B.C. to 
3200 B.C.), a time where the people of the Southeast (and across all of North America) began to 
adapt to a warming world with emergent floral and faunal communities; to utilize caves, rock 
shelter sites, and coastal resources extensively; while also developing the techniques to make 
pottery, basketry, as well as notched and bi-faced projectile points (Anderson and Sassaman 2012). 
Many of the trends of the Woodland period which I will now describe- technological, social, or 
otherwise- owe their existence to these Archaic period innovations. 
 According to Richard Jefferies (2004), there are four major trends which characterize the 
Woodland period: the increased dietary importance of seeds; increased sedentism; development of 
elaborate mortuary ceremonialism and extensive burial mound construction; and the widespread 
adoption of pottery. As noted above, none of these trends would have been possible without the 
innovations of the Archaic period. For example, the creation of pottery probably provided 
aboriginal communities more opportunities to consider settling down because of their ability to 
store food, including seeds, without exposing them to the elements. It is also possible that the 
widespread adoption of pottery—which made is easier to process foods—freed up time (which 
would have otherwise been spent hunting, gathering, or fishing) to pursue other endeavors, such 
as developing an elaborate religious, ceremonial, and mortuary tradition. It is important to note 
that although the first mound centers were constructed in and around present-day Louisiana in the 
Late Archaic period (5800 to 3200 B.C.), their true fluorescence came about during the Middle 
Woodland (Anderson and Sassaman 2012). Out of these traditions, a pan-regional religion 
emerged where different participating communities converged periodically on major ceremonial 
sites to take part in the collective rituals. It is here where Crystal River fits into the bigger picture 
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of the Southeast; it was the home and ceremonial center for diverse populations of hunter-gatherer-
fishers from across Florida (and possibly beyond) for over one thousand years (Pluckhahn et al. 
2010; Pluckhahn et al. 2015). The variability in form, temper, and surface treatment techniques 
found in the ceramic assemblage of the midden and burial mounds support this assertion (Moore 
1903; Bullen 1951; Thompson 2015). 
 Radiocarbon dates suggest that occupation at the site may have begun as early as 300 B.C. 
and ended as late as A.D. 970. However, most of the evidence for occupation falls squarely in the 
Middle Woodland period, indicating the peak utilization of the site occurring mainly between 100 
B.C. to A.D. 700. This conclusion was reached via coring and geophysical survey performed on 
the mounds and middens dotting the site and comparing the radiocarbon dates from the various 
stratigraphic layers. This “peak” period of occupation is further sub-divided into four phases, 
which are characterized by discrete episodes of midden and mound accumulation. The radiocarbon 
dates which define the phases were recovered throughout the site by Pluckhahn and colleagues 
over several field seasons (Pluckhahn et al. 2010; Pluckhahn et al. 2015). Bayesian modeled dates 
are italicized and phases of occupation are detailed in the next section. 
The first phase of midden accumulation has a modeled start date of cal A.D. 65 to 224 and 
an end date of cal A.D. 143-265, with a modeled length of thirty-seven years at 95% probability 
(italics denote Bayesian modeled dates). This phase is coincident with the first half of the Roman 
Warm Period, a time of generally warmer climactic conditions and raised sea levels interspersed 
by relatively short-term cooling events and lowered sea-levels. Midden deposition during this 
phase was fairly rapid, and for the most part the Phase 1 layers demonstrated very little variety in 
the artifact assemblage, although it is very rich in shell and bone. This evidence suggests that 
occupation during this period was most likely seasonal, and the episodes of midden deposition and 
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accumulation may have been related to feasting associated with burial events and ceremonies 
(Pluckhahn et al. 2015).   
Phase 2 has been identified as the longest of the four phases, and has a modeled start date 
of cal A.D. 221-321 and a modeled end date of cal A.D. 435-544 (95% probability ranges); thus, 
this phase lasted approximately 190 years (based on the modeled median length). Phase 2 
corresponds to the latter half of the Roman Warm Period. It is during this period that the rate of 
midden deposition and the aerial extent of the site increases substantially, possibly due to 
increasing population pressure or a more permanent settlement. It appears that the inhabitants of 
Crystal River laid down a dense shell layer early in Phase 2 in an attempt to raise the height of the 
ridge and serve as an occupation surface, while also expanding the midden (Mound B) into its 
current crescent-shaped form. Compared to the previous phase, Phase 2 demonstrates a marked 
increase in features and artifacts, including not only shell and bone but also ceramics, lithics, and 
other implements (Pluckhahn et al. 2015).  
 Recent work on the ceramic assemblage of the site by Rachel Thompson (2015) has refined 
the cultural development sequence first put forth by Gordon Willey (1948, 1949) and later 
elaborated upon by Ripley Bullen (1951, 1953). Her data indicate that the ceramic assemblage 
(excavated mostly from the midden) of the first two phases were dominated by plain ware, as well 
as a few Deptford check-stamped sherds of both the limestone and sand-tempered varieties 
(Thompson 2015). The Deptford series of ceramics, named after the Deptford area near Savannah, 
Georgia, where this pottery type was first identified, was likely made by some of the first 
inhabitants of the site who were responsible for the construction of the burial mounds as well. 
Deptford sites have been found throughout the lower Southeast, from the Gulf Coast of Florida to 
southeastern South Carolina, and can be is identified primarily by the presence of  distinctive sand 
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or limestone tempered stamped pottery, characterized by “waffle-like check stamped decorations 
or grooved-paddle simple stamping” (Weisman 1995:6).  
Other Deptford traits include a specialized adaptation to coastal and aquatic environments 
as well as the construction of shell and earthen mounds (or middens) used in mortuary rituals and 
other ceremonies. Examples of these specialized adaptations include the famous conch shell 
hammers, bone fish hooks and fishing nets, canoes, shell cups, and a variety of other implements. 
At Crystal River, the Main Burial Complex (Mounds C-F), Mound G, Mound J, and the midden 
(Mound B) were all initiated during Phase 1. During Phase 2, the midden was expanded, and 
Mound K, Mound H, were constructed as well. The timing of the plaza construction is more 
difficult to pin down due to the paucity of artifacts; it is possible the plaza was present during 
Phase 1 due to the mounds being constructed around it. However, during Phase 2 it is clear the 
plaza was fully formed and functional, with the addition of Mound H (whose ramp extends into 
the plaza) flanking its northern side (Pluckhahn et al. 2015).  
 Phase 3 falls neatly within the first half of the Vandal Minimum, characterized by generally 
cooler climactic conditions and lowered sea levels punctuated by short-term warmer periods. It 
has a modeled start date of cal A.D. 479-634 and a modeled end date of cal A.D. 663-809, or 
approximately 94 years at 95% probability (Pluckhahn et al. 2015). Throughout this relatively 
short time, occupation at the site sees a slight reduction; a radiocarbon date from nearby Robert’s 
Island less than a kilometer downstream indicate that midden accumulation began there during this 
phase, suggesting some occupation may have relocated to this new site. However, portions of the 
mainland site were expanded, including the “comma-shaped” end of the midden and the 
construction of the Crystal River’s largest feature, Mound A. Interestingly, the Phase 3 
stratigraphic layers demonstrate comparatively fewer artifacts than the previous phase, despite 
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being fairly rich in shell refuse. Why the people of Crystal River would choose to construct an 8.5 
meter tall mound towards the end of the site’s occupation is still a mystery. Nevertheless, this fact, 
taken with the apparent lack of artifacts and abundance of shell refuse during this phase may 
suggest that while permanent occupation was reduced, the frequency and intensity of ceremonial 
activities such as feasting and mound building may have increased. 
 Phase 4 begins with a 95% probability modeled start date at cal A.D. 772-881 and 
terminates at an end date of cal A.D. 890-1068, a modeled length of approximately 100 years 
(Pluckhahn et al. 2015). This phase is coincident to the first half of the Medieval Warm Period, 
which is defined as a time of generally warmer climactic conditions interspersed with short-term 
cooler events. Evidence suggests that during this time occupation and activity at the site was 
diminishing, and it appears that people had moved on to a newly constructed ceremonial center 
located on nearby Robert’s Island. Further, occupation at Crystal River may have been relegated 
to certain portions of the site in its final days, particularly the area near the recently erected Mound 
A. Nevertheless, it is certain that shortly after the turn of the first millennium Crystal River had 
been completely abandoned. 
 The last two phases are increasingly dominated by the presence of Weeden Island ceramics,  
characterized by “painted, punctuated, and stamped wares” as well as vessels which were non-
functional and intended for religious or ceremonial purposes, usually in the forms of animals or 
humans (Thompson 2015; Weisman 1995; Willey 1949). This may indicate the emergence of more 
complex religious ideas and practices; however, their subsistence, technology, and possibly even 
burial customs remained largely the same as in the Deptford period. Evidence of tombs, crypts, 
and charnel found at other Weeden Island sites have never been found at Crystal River. Instead, 
Weeden Island period burials were added to the previously constructed mounds. While Swift 
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Creek pottery has also been recovered at Crystal River, it does not occur in great numbers, and 
may thus be the remnants of trade or visitors to the site.   Compared to other Gulf and Deptford 
Period sites, Crystal River is truly exceptional; as Weisman puts it, “the cultural evolution [of 
Crystal River] is specific to that site” (Weisman 1995:7).  
 
Hopewell Interaction Sphere and Trade 
During the period encompassing Phases 1 and 2, Crystal River participated in the Hopewell 
Interaction Sphere, a pan-regional social, economic, and religious ceremonial system that 
originated in the Ohio River Valley and extended all the way to the Gulf of Mexico. It is believed 
to have emerged approximately 100 B.C. and continued to about A.D. 300 (Carr 2006; Pluckhahn 
et al. 2015). This system of cooperating communities is primarily known for the extensive trade 
network that stretched across what is now the eastern United States and the prestige goods procured 
thereof. Many of the items recovered from Crystal River were acquired from places as far away as 
the Great lakes and ultimately stashed into caches or burials to accompany the dead (Anderson and 
Sassaman 2012).  
Some examples of the material culture left behind by the Hopewell phenomenon include 
panpipes, copper gorgets and earspools, human and animal effigies, mica cutouts, exotic stone and 
pottery, Busycon shell cups, and the bones and teeth of large mammals. Notably, many of these 
“finer” implements were found near the base of the burial mounds, indicating they were acquired 
and later interred early in the history of the site (Bullen 1951; Moore 1903). The teeth of 
carnivorous animals appears to have held a special place within the culture; one cut puma jaw 
probably used as part of a ceremonial mask was recovered from the burial mounds, and several 
punctuated shark and bear teeth have been found in the most recent excavations (Milanich 1994; 
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Weisman 1995). However, whether these animal teeth were used as simple jewelry or religious 
paraphernalia (or both) is still unknown. In addition, the Hopewell people are recognized for the 
construction of geometric earthworks and burial mounds, where most of the evidence for their 
existence was preserved. In fact, no other site in Florida can claim to have such an abundant and 
well preserved assemblage of local and exotic Hopewellian artifacts. Even after the Hopewell 
phenomenon subsided sometime between A.D. 300 to 500, Crystal River may have still functioned 
not only as a ceremonial center, but also as a marketplace where surrounding communities came 
to exchange goods and ideas (Bullen 1966). 
 
Ethnohistoric Accounts 
 Similar to most North American Precolumbian societies, the people of Crystal River did 
not leave behind a written record. Further, Crystal River was abandoned long before any 
Europeans arrived in the Western Hemisphere, so European accounts of native life there are non-
existent. Therefore, everything that is known about this community is a result of the hard work 
performed by archaeologists and other researchers investigating the site. Nevertheless, the written 
accounts of European explorers describing their interactions with native people during the 
Mississippian Period may inform us of what life may have been like at Crystal River during the 
height of its occupation. Examination of these ethnohistoric accounts may also provide specific 
insight on the possible uses for plaza spaces during the Woodland Period, allowing me to set 
realistic expectations concerning the types of activities I may find evidence for in the sample area. 
 The accounts of explorers who traveled with Hernando de Soto describe the first European 
expedition that reached deep into what is now the modern-day United States, beginning in Florida 
and stretching west across the Mississippi River, possibly as far as Arkansas. These detailed 
21 
 
accounts describe the layout of many Native American settlements in the Southeast, as well as the 
purpose of the mounds and plaza/courtyard areas. According to Hudson (1976:78), the plazas at 
locations where De Soto visited were often bordered by mounds (as is seen at Crystal River), and 
served as multi-purpose spaces such as ceremonial areas, playing fields for games, and as a general 
village commons. It was also the location where village leaders would receive foreign dignitaries 
and emissaries, including De Soto himself on several occasions (Hudson 1976:112). Another 
description from Father Juan Rogel, a Jesuit priest who made contact with the Calusa people of 
southwest Florida, details how plazas were utilized for processions of mask-idols, which he 
interpreted as a move designed to force the Spaniards to accept their gods (Hann 1991:285). 
Finally, French explorer Rene Laudonniere describes how native Floridians received his company 
and held feasts and celebrations at the plaza in their honor (Laudonniere 2001:40). If these accounts 
are even somewhat accurate, and Woodland Period plazas were utilized in much the same way as 
their Mississippian counterparts, then I would expect to find evidence suggesting the various 
activities described by these explorers, which includes feasting, ceremonies, and games. 
 
Previous Work 
Crystal River was first excavated by Clarence B. Moore, beginning in 1903 and later 
returning for two more field seasons in 1906 and 1917. Although Moore’s methods and reporting 
were inadequate even for his day, it is only because of his tenacity to discover prehistoric sites 
throughout the Southeast that we know of Crystal River at all (Weisman 1995). The first season 
of excavations were centered on the Main Burial Complex (Mounds C-F), and he focused most of 
his attention to the central sand mound (Mound F). Along with 411 interments, it is here where 
many of the exotic Hopewell artifacts such as crystal quartz pendants, copper and meteoric iron 
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implements, and human and animal effigy vessels were found (Moore 1903; Pluckhahn et al. 
2010:165; Weisman 1995). However, no work was done on the temple mounds, shell midden, or 
plaza, thus limiting the information collected to the burial mounds (Bullen 1951:142).  
Moore returned in 1906 and continued excavations on the burial mounds, this time focusing 
on the circular embankment surrounding the central sand mound (Mounds E and C). On this 
attempt, he uncovered 186 burials, along with numerous intricately decorated earthenwares, shell 
gorgets, and a few projectile points. He also created the first detailed map of the burial mounds 
and embankment (Moore 1907). However, he was not as successful in locating the exotic 
Hopewell artifacts that were so abundant in the central sand mound (Thompson and Pluckhahn 
2010). Moore returned once again to Crystal River in 1917 and continued his work on the circular 
embankment, but besides uncovering twenty-four additional burials and some mortuary goods, 
that season failed to yield any new, exciting information and brought us no closer to understanding 
the site (Moore 1918). 
Although Moore was successful at garnering interest in Crystal River, no further 
excavations were undertaken for over 30 years. Nevertheless, several researchers were intrigued 
by the site’s apparent Hopewell influence. Analyzing the vast amounts of prestige and mortuary 
goods recovered from Moore’s initial 1906 excavations, E. F. Greenman (1938) was able to 
establish Crystal River’s connection to the Ohio River Valley and the Hopewell phenomenon. 
Gordon Willey (1948, 1949) work studying the ceramic assemblage was the first attempt at 
defining the culture history of Crystal River, although ultimately he was never able to conduct any 
sub-surface excavations. Willey’s proposed culture sequence included “a Crystal River I period 
equivalent to Santa Rosa-Swift Creek (now known as Deptford) and a Crystal River II period 
equivalent to Fort Walton-Safety Harbor” (Bullen 1951:142; Thompson and Pluckhahn 2010; 
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Willey 1948). However, the idea of the site having been constructed and occupied exclusively in 
the Woodland period did not sit well with archaeologists Hale Smith and Ripley Bullen, who 
would soon visit the site to find evidence of a Mississippian occupation. 
Hale Smith (1951) was able to perform sub-surface excavations at the site, although the 
project was limited to surface collections on Mound A, one 2-by-2 foot test unit located on Mound 
H and the midden, and several test units in the Burial Complex. He determined that a portion of 
the burial mound embankment was constructed, at least in part, late into the Weeden Island period 
or early Mississippian as it was then understood (Pluckhahn et. al 2010; Smith 1951). Nevertheless, 
ambiguity concerning the period of occupation remained. Ripley Bullen (1951, 1953, 1966) 
directed his attention to the site in 1951 and began the first of three field seasons to determine 
whether occupation at the site, and especially use of the burial mound complex, extended into the 
Mississippian period (Bullen 1953; Pluckhahn et al. 2010). He conducted two stratigraphic 
excavations in the midden area (Mound B) to determine whether the site was in use for more than 
one period, and came to a similar conclusion as Willey (1949); there were three periods of mound 
construction, corresponding to the Santa Rosa-Swift Creek (Deptford), Weeden Island, and late 
Weeden Island or Safety Harbor periods (Pluckhahn et al. 2010).  
Bullen’s excavations largely corroborated Willey’s earlier assessments, and determined to 
prove a Mississippian occupation he returned in 1960 to continue work on the site and while 
mapping the topography he uncovered two additional mounds (Mounds J and K) and an extension 
of the midden area. He excavated test units in both mounds and also conducted additional work in 
the Main Burial Complex, discovering burials that had escaped disturbance by Moore. Further, 
excavations into Mound G revealed 35 additional burials (Pluckhahn et al. 2010; Weisman 1995). 
Shortly after the second season of Bullen’s excavations, the site was acquired by the State of 
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Florida and cleared in preparation to become a state park. During this time, two stone stelae were 
discovered, one of which is carved with the figure of a human face and torso. Since this practice 
is virtually non-existent anywhere else in the prehistoric Southeast but ubiquitous throughout the 
civilizations of Mesoamerica, Bullen (as well as several other researchers) speculated at the least 
there must have been some form of contact or exchange of ideas between the two cultures (Bullen 
1966a). However, since no other evidence of Mesoamerican culture exists at the site, this idea has 
been discredited. He spent the last season at Crystal River excavating a trench into the Main Burial 
Complex and subsequently reconstructing it to its original proportions before Moore’s excavations 
many years prior, and it is this reconstruction which visitors see today (Weisman 1995:15). 
Bullen’s work during the second and third field seasons were never adequately reported. Brent 
Weisman and Jeffrey Mitchem investigated the site in 1985 with the goal of recovering evidence 
for the Safety Harbor (Mississippian period) component. They excavated core samples as well as 
two test units located in the section of midden just north of Mound A.  Ultimately they were unable 
to recover any evidence pointing to a Mississippian occupation, and their work was never 
thoroughly reported (Thompson and Pluckhahn 2010).  
Lastly, the Crystal River Early Village Archaeological Project conducted field work at the 
site beginning in 2008 in order to gain a better understanding of the dynamics of competition and 
cooperation by evaluating the spatial and temporal variation of material remains, including prestige 
goods, public architecture, and feasting debris (Pluckhahn et al. 2008). Understanding Crystal 
River’s developmental sequence, including the construction history of the mounds, midden, and 
plaza is integral to this approach. Extensive mapping of the entire site was conducted during the 
first field season providing the most accurate topographic data of the site to date. Thompson and 
Pluckhahn (2010) also conducted resistance survey over one hectare of the site’s core, including 
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much of what I am defining as the North Plaza. The results indicated the area to be generally free 
of shell and other domestic features with no obvious geophysical anomalies save for a posthole-
sized disturbance between Mounds G and C-F, suggesting this area may indeed have been a plaza 
(Pluckhahn et al. 2010; see Figure 2.1). GPR surveys were carried out on the tops of Mounds H 
and K, the area near the midden north of Mound A, as well as the area where the ramp for Mound 
A was reported to have been (Thompson and Pluckhahn 2010). Results from the Mound H survey 
suggested that it was constructed in at least three stages based on the reflectivity of the various 
layers of construction material. On the other hand, Mound K proved to be filled with dense shell 
with very little in the way of discernable stratigraphy, suggesting this mound may have been built 
rapidly within one construction episode. While the survey near Mound A did uncover several 
anomalies, none were indicative of a ramp. However, modern disturbances to the site (mainly its 
conversion into a trailer park before becoming a state park) which removed fill (and possibly the 
ramp) from Mound A may have obfuscated these efforts.  
Limited coring was also performed in locations suggested by the geophysical data, which 
indicated that remnants of a ramp or midden were still undisturbed underground to the east of 
Mound A. Radiocarbon dates taken during this time indicate the site was occupied as early as 300 
B.C. (earlier than previously assumed) and continued until at least the A.D. 600s. In the summer 
of 2011, a total of 58 cores were taken from across the site (including the plaza) and the adjacent 
wetlands at 20 meter intervals, and it is these cores which were utilized for the microartifact and 
soil chemistry analysis in my research (Norman 2014; Pluckhahn et al. 2015; see Figure 2.2). A 
Geoprobe Model 54LT, which hammers a metal sleeve containing a plastic liner into the ground, 
was utilized to recover 46 of the cores from the Feature B midden, plaza, and various mound 
summits. Core locations were established using a total station, which were  tied to a site-specific 
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grid system created in the 2008 field season (Pluckhahn et al. 2009). Core sections consist of a 
plastic tube measuring 116 cm in length and 4.5 cm in diameter, with each core from this survey 
containing between one and nine sections, depending on surface elevation and depth to the 
limestone substrate. Twelve additional cores were taken from marshy areas off-site using a 
custom-built, pneumatic vibracoring device provided by Gary Ellis and Ken Nash. Core sections 
were processed at the Southeastern Archaeology Laboratory at the University of South Florida by 
cutting each section in half lengthwise to provide a profile, and individual strata were identified 
and recorded along with associated characteristics such as Munsell color, texture, and the inclusion 
of organics such as shell and bone.  
Most recently, Pluckhahn and the CREVAP team excavated four trenches consisting of 
two units each, situated across various points of the site during the summers of 2012 and 2013 
(Pluckhahn et al. 2015). The locations of the units were determined to be prime candidates for 
excavation in accordance with the geophysical data obtained on previous field seasons. The 
stratigraphic data and radiocarbon dates derived from these excavations provided the basis for the 
chronological phases and depositional history mentioned previously. Further, these studies 
revealed evidence of shell midden being repurposed to create a formal entranceway, suggesting 
that the differences between midden and mound may have been negligible to the people who 
navigated and negotiated this landscape. During the 2013 field season I conducted a study on the 
possible over-exploitation of oysters which found that the average size of these bivalves increased 
during Phases 1-3, followed by a marked drop off during Phase 4, suggesting these resources were 
negatively affected by human interaction (over-exploitation) or some environmental stress during 
this period (Delgado 2013; Duke 2016).  
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Figure 2.1: Resistance survey data, including North Plaza. Map courtesy of Thomas Pluckhahn. 
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Figure 2.2: Geoprobe location map. Map Courtesy of Thomas Pluckhahn. 
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 My current research seeks to utilize and build upon previous CREVAP investigations in 
several ways. Besides resistance survey, no serious archaeological work has taken place within the 
plaza at Crystal River. Consequently, ideas concerning what occurred there can only reach the 
level of speculation based on reports from early settlers, explorers, and Conquistadors who reached 
North America after 1492, long after Crystal River was abandoned. Therefore, the soil chemistry 
and microartifact analyses, as well as the GPR and magnetic surveys, will allow me to empirically 
reconstruct past activities and determine what their location in space (within the plaza) can tell us 
about the sociopolitical lives of the Crystal River people. 
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Chapter 3: The Social Production of “Empty” Space 
 
Prehispanic mound centers in the southeastern United States, such as Crystal River, were 
often organized around open spaces or plazas that likely served as settings for public interactions 
of all kinds (Black 1967; Emerson et al. 2008; Kidder 2004; Pluckhahn 2003). They also may have 
functioned as symbolic spaces, critical to the formation and maintenance of cultural identity, while 
also embodying social and political relations. Spatialization theory (Lawrence and Low 1990; Low 
1995, 1996, 2000) informs us that plazas are a contested terrain of architectural representation that 
encodes cultural and political meanings of the past. However, as I mentioned previously, 
reconstructing plaza activities and their spatial dynamics is challenging for archaeologists, because 
by definition plazas typically lack obvious cultural material (Kidder 2004:515-516). In order to 
investigate and reconstruct the activities that took place in the plaza at Crystal River, alternative 
approaches—such as microartifact analysis and integrated geoarchaeological analysis that 
incorporates physical and chemical examination of anthropogenic sediments—are needed. While 
these methods have been employed in studies at other sites across the globe, their utilization in the 
Southeast specifically within plaza contexts is just starting to take off. The combination of these 
theoretical and methodological approaches will help shed light on the role of the plaza as well as 
expressions of power within the built environment of this prehistoric society. Further, it will 
provide some insight on the role of plazas at other Woodland period mound sites, as well as the 
significance of some of the activities which may have taken place within them. 
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Theorizing Space and Place in the Archaeological Past 
My theoretical framework is based largely on Setha Low’s (2000:36) work on the social 
production and the social construction of space, or spatialization, which she describes as locating 
social relations and practices physically, historically, and conceptually in space. Low seeks to 
integrate the “social production of the built environment with the daily routines and ceremonial 
rituals of the cultural realm and the phenomenological experience of individuals.” She describes 
the social production of space as the sum of all the social, economic, ideological, and technological 
factors that result in the physical creation of a material setting. The social construction of space is 
the transformation of space via “social exchanges, memories, images, and daily use” into actions 
that convey meaning (Low 2000:128). Essentially, it boils down to how culture and be understood 
spatially and what that use of space can tell us about culture. Due to the fact that space is produced 
by socioeconomic and political forces, relations of power and social structure may be spatially 
embedded. Low explores the relationships between the economy, society, and culture on the one 
hand, and the built environment on the other, with the objective of understanding the built 
environment through “spatializing” culture. She argues that the social construction and physical 
production of space is a dialogical process that emerges from conflict, contestation, and 
negotiation. In effect, space produces, and is produced by, social relations (Lefebvre 1992). These 
social relations, in turn, are produced and reproduced through the daily activities and interactions 
between people in the plaza. 
Although Low takes much of her inspiration from previous spatial studies across the social 
sciences (see Bourdieu 1977; De Certeau 1984; Foucault 1975; Rabinow 1989), it could be said 
that spatialization fits within the broader schema of Identity, Memory, and Landscape studies 
(hereafter referred to as IML). According to Norman Yoffee (2007), IML studies focus on how the 
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actions and routines concerning both everyday life and high ceremonies are structured in space. In 
this view, the concept of space includes both the natural and constructed terrain such as 
monuments, ruins, and plazas that are all tied to particular stories, events, and identities. Pluckhahn 
and colleagues (2015) employ a landscape approach to the middens and monuments at Crystal 
River by quantifying the rates of midden accumulation and the distribution of artifacts and 
sediments. Their results not only indicated the presence of four broad but distinct phases of 
occupation, but also that parts of the midden were purposefully extended to create a formal 
entranceway to the site, or possibly to act as a substrate for Mound A. This suggests that for these 
ancient builders, the differences between mound and midden may not have been meaningful, and 
the activities (and by implication the decision making processes) associated with both mound and 
midden construction must have overlapped. Spatial studies such as this seek to describe how 
people construct these spaces and imbue them with meaning through daily social, economic, and 
political interactions. Further, the spaces created for these interactions continue to effect the nature 
of social relations. Perhaps most importantly, IML and related spatial studies both seek to 
understand who is in control of what landscapes and how they were (or were not) contested. 
Symbolic spaces such as plazas are key arenas for the formation, maintenance, negotiation, 
and contestation of social and cultural identities. The spatial configuration of the built environment 
encodes a system of relationships that represent a wide range of aspects of social life. Low (1995) 
argues that plazas are often spatial representations of society and social hierarchy, and members 
of the community actively negotiate relations of power and identity in these spaces. She cites the 
example of Hernando Cortes, who after capturing Tenochtitlan (now Mexico City) erased the 
indigenous past when he razed the Templo Mayor to build the current colonial Plaza Mayor (Figure 
3.1) and surrounding buildings. The modern day reemergence of the Templo Mayor—thanks to 
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the hard work of archaeologists, historians, and conservators—has been seen as a vindication of 
the indigenous culture. In this way, the “plaza remains a contested terrain where the ongoing 
dialectic between the indigenous presence and Spanish appropriation continues to be played out” 
(Low 2000:102). She clarifies that plazas are not an expression of European colonial power, but 
were in fact present in the New World before the arrival of the Spanish. Records indicate the 
Spaniards were impressed with the orderly layout of indigenous cities and sought to emulate them. 
In this sense, the Spanish-American plaza retains the architectural and spatial elements from both 
traditions, whereby the cultural tensions between indigenous peoples and Spaniards were 
symbolically encoded in the built environment. 
Low offers several examples of how power, identity, and social relations are negotiated 
and contested through the use of space. She argues that various groups attempt to claim and define 
urban spaces, and her study highlights the role of sociopolitical and economic forces, patterns of 
social use, and experiential meanings have in the creation, maintenance, and control of public 
spaces (Low 1996). For example, her observations on the Plaza de la Cultura in San Jose, Costa 
Rica detail the diverse people who can be found there such as regular visitors, entertainers, 
preachers of various faiths, prostitutes, beggars, merchants, as well as police officers and trash 
clean-up crew who represent the “municipal social order” (Low 2000:174). The movement maps 
she created to track her observations of these various community members describe paths which 
link walking individuals to gender segregated spaces, while behavioral maps describe individual 
activities such as men shining shoes or kids playing soccer. According to Low, “the accretion of 
multiple paths and projects located in space and time links the individual activities to age, gender, 
and class differences…over time these differences become naturalized, as has been argued by 
Pierre Bourdieu (1977) and perceived as social reality” (Low 2000:178). 
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Figure 3.1: Plaza de la Constitucion, Mexico City, Mexico. Public domain. 
 
 
Low’s case studies often concern plazas where two or more groups (Spaniards and 
indigenous people) with different worldviews negotiated public space to assert their power over 
one another (Figure 3.2). This may not be the case at Crystal River; rather, it is likely that the 
inhabitants of my research site all participated in a common worldview and acted in a spirit of 
cooperation rather than competition. However, it may have been the case that there were 
contestations or divisions along other lines, such as gender roles, age, skill, sacred and profane, 
and finally between those who held decision-making power and those who did not. Although Low 
focuses on tensions encoded within the built environment and how to discern them, she does not 
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Figure 3.2: Members of Tlaxcala, Mexico’s indigenous population don grotesque Spanish masks 
while dancing in the plaza. Photograph by author. 
 
 
give much attention to looking for signs of cooperation or corporate strategies embedded within 
the built environment. Also, there is no mention of egalitarian or middle-ranged societies, and how 
this approach can be applied to them. Nevertheless, thoughtful application of spatialization theory 
to a middle-range society such as Crystal River affords an opportunity to uncover some of the 
more subtle expressions of power and socioeconomic relations in Woodland societies.  
Low’s work (1995, 1996, 2000) is based primarily on her research in Central America with 
Spanish-American plazas; she does not extend this theoretical treatment to egalitarian mound 
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building societies. Nevertheless, she clearly demonstrates the applicability of the theory of 
spatialization with regard to plazas in great detail, pointing out specific instances where public 
space is contested and negotiated by different groups through ethnography. Low is also especially 
concerned with how daily activities that are carried out in public space serve to constitute the 
plaza’s form and function. She provides several examples of how power is represented and 
embedded in the plaza and its immediate environs, often by analyzing the strategic positioning of 
buildings around the plaza and people’s relationships with them, as well as how space is used and 
for what purposes. This work provides testable implications concerning the use of space. For 
example, if power was exercised over craft or prestige goods production, then it would be easier 
to control if the activity was performed out in open space, such as the plaza, where it could be 
monitored. I would therefore expect to find evidence of craft production within the plaza, and 
perhaps even specific spaces where this activity was allowed to occur.  
Jason B. Jackson (2003) describes the layout of the Yuchi ceremonial grounds and the uses 
of the different areas within as a reflection of both Yuchi understandings of social divisions and 
appropriate interaction patterns. Perhaps similar to the plaza at Crystal River, Yuchi ceremonial 
grounds contain a plaza of cleared earth, and this square is the most sacred precinct of the grounds 
where ritual and dances take place. On the most sacred of occasions, such as the Green Corn 
Ceremony, only men who have been preparing and cleaning the ceremonial grounds while fasting 
are allowed to enter into the plaza to take part in the rituals. According to Jackson, “In the course 
of ceremonial ground events, the attention of men is focused mostly on the dances and rituals that 
take place on the square, but each man belongs to his family’s camp or to one where he is 
incorporated as a friend. While much of the domestic work of the camps is in the hands of the 
women during events, men play a major role in preparing the camps for use during the week before 
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the Green Corn Ceremony and the week before the Soup Dance, when the camps will be used” 
(Jackson 2003:59). The women of the community are also responsible for preparing a large feast 
to be held after the ceremonies where the men finally break their fast. This entails several important 
implications for my research: first, it is reasonable to assume that any area of the plaza which was 
particularly sacred in nature would be generally free of debris, possibly even in the form of micro-
artifacts, due to the meticulous preparation for ceremonies and ritual. Also, food preparation areas 
related to feasting on other parts of the grounds may be indicative of the domestic camps observed 
among the Yuchi, where women control the process of feeding the community and providing the 
food to break the ritual fasting. However, while I do not presume to attach specific activities to 
any particular gender role, this information may be simply used as a guide and possible model to 
help interpret the data. 
 
Plazas as Expressions of Ideology and Power 
A spatialization approach can be used to locate, identify, and understand the practices of 
individuals and communities, including those associated with religion. Emerson et al. (2008) 
employ this perspective to demonstrate how religion at Cahokia (Figure 3.3) was experienced, 
spatialized, and re-created with each enactment in order to understand the role it played in large-
scale social change. For the authors, religion does not exist apart from the practice of religion; 
therefore, locating religion in space can be achieved by understanding how religion was 
“physically produced, engaged, or experienced” (Emerson et al. 2008:217). Cahokians constructed 
colossal platform mounds to elevate ancestral temples and elite homes; leveled large tracts of land 
for the performance of ritual, games, feasts, and other theatrical performances; and raised large 
wooden posts in great “woodhenge” circles (Emerson et al. 2008:220). For example, evidence for 
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Figure 3.3: Cahokia’s Grand Plaza, view from atop Monk’s Mound. Public domain. 
 
 
the practice of religion at Cahokia can be seen by the mound “renewal” ceremonies and the 
destruction of the structures that topped them. Cahokians would then add a thin layer of differently 
colored soil over the top of the mound to seal off the older, defiled surface to create a surface for 
the new structure to be built on top of it, resulting in a “layer-cake” stratigraphy within the mound.  
In places such as Cahokia, religion was practiced “out in the open, spatially and bodily, via 
spectacle and theatre” (Emerson et al. 2008:218). This does not mean that religion was not 
practiced in the household context; rather, these purposefully designed outdoor spaces— such as 
plazas—were the perfect medium to conduct ceremonies that involved the whole community and 
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where religious practices could become publicly politicized and transformed into political and 
religious orthodoxy. In this way, religion, and control of the activities pertaining to it, were a source 
of political power for chiefs and other elites. Ritual activities such as feasting, theatrical 
performances, and craft production may have taken place in the plaza; if so, these activities may 
have left evidence in the archaeological record, and elucidating these activities from the evidence 
will allow me to locate practices (whether they be associated with religion or not) in space.  
Ashmore’s (1991) interpretation of Maya civic planning at the ancient city of Copan 
complements Low’s theories on the use of space. Ashmore considers architecture as a model for 
symbolic expression of a culture’s worldview and sociopolitical organization, drawing on the 
Maya site of Copan as a case study. According to Ashmore, the layout of the built environment 
and directional associations of the site represent aspects of Maya cosmology. Power is also 
embedded within the built environment with civic architecture meant for political and religious 
leaders occupying locations which themselves convey authority. The use of the cardinal directions 
in the arrangement of buildings in Copan is symbolically charged, whereby both the east-west and 
north-south axis are of special importance. At many Maya sites, a template for site planning was 
used that was meant to convey the cosmic order on a microcosmic scale. The north side of Maya 
sites usually was meant to represent the sky, the domain of the divine. It is here where the royal 
residences where usually placed, associating the king with the celestial world and absolute 
authority. Ashmore investigated the north group of buildings, specifically two elite residences, at 
Copan searching for evidence that would indicate any royal or ritual associations. She concludes 
that the group of buildings on the north side was indeed associated with royal and ritual occupation 
(heaven), while the south end was utilized for more mundane activities (underworld). This 
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conforms to her hypothesis that the built environment represents Maya cosmology, and authority 
was derived or supported from the symbolism therein.   
The Maya cosmological system is rich with symbolism and is largely well preserved in the 
archaeological record. Ashmore sees the civic center as a microcosm celebrating dynastic power. 
In similar fashion one can interpret the mound-plaza site layout at Crystal River as a microcosm, 
which is embedded with political and/or socioeconomic relations. In the case of this study, 
Ashmore has the benefit of written records, iconography, and other Maya site templates to help 
interpret her findings from the Copan excavations. However, there are no written records for 
Crystal River, nor any data on ideology or worldview besides that derived from ceramic 
assemblages. Still, Ashmore outlines how two residential buildings in the North Group were 
associated with specific kinds of artifacts and activity (the building on the north side associated 
with nobility, and the building on the south side associated with ritual activity), and how this 
figures into the Maya cosmological/sociopolitical system. She also investigates the meaning 
behind the use of directionality at the site, drawing connections between the site layout and 
cosmology. Information on the same can be inferred at Crystal River using a similar approach, as 
well as comparing the use of space with other Woodland plaza-mound sites in the Southeast to 
determine whether there are any commonalities that would suggest a shared or similar 
cosmology/sociopolitical organization.  
Although relations of power and social status may be encoded into the built environment, 
deciphering these relations still presents quite a challenge, especially at prehistoric sites. Graves 
and Keuren (2011) for example, argue that the enclosure of plaza spaces among the Ancestral 
Pueblo of the American Southwest was a reflection of changes within the social structure of their 
society, and is supported by other lines of evidence such as changes in ritual practice, ceramic 
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styles, and iconography. The panoptic (permitting the viewing of all parts or elements) design of 
the plaza-oriented village form is an expression of power in which the practices of the community 
can be constantly monitored. Also, the adoption of the panoptic plaza-oriented village layout may 
have been a response to both external and internal tensions; not only was warfare becoming more 
prevalent in the area, but there were also large migrations of people who left previous areas to 
settle into large communities. In order to cope with the significant changes to the social, economic, 
and religious aspects of society, people organized themselves into large communities that afforded 
them greater security but also took from them a measure of independence and autonomy that they 
may have previously enjoyed. The authors argue that the plaza-oriented village reflected the 
development of a new social order and strengthened the acceptance of new forms of power and 
the unequal relations between people and their own communities.   
This case study is useful, because it is an example of a similar plaza-oriented civic center, 
much like at Crystal River. However, Graves and Keuren attempts to demonstrate that the adoption 
of plaza-oriented village spaces was an adaptive response to both external and internal pressures, 
and was embedded with the structure of a new sociopolitical order based on unequal social 
relations. But do plazas, as a form of panoptic architecture, really structure unequal social relations 
in every case? Social integration through public ceremonies and plaza performances can also help 
to mitigate social instabilities and regulate any emerging uneven distribution of power or 
resources, especially within egalitarian societies. Plazas are “social fields” where power relations 
are always in play in part through performance dynamics in these public ceremonies. However, 
this does not necessitate the existence of unequal social or political relations. For Graves and 
Keuren, the emergence of plaza-oriented villages is an historical outcome of the contradictions 
between the “communal ethos” and new forms of constraining power. Crystal River is panoptic in 
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design as well, as the whole site is visible from most places, especially the tops of mounds. This 
could be a direct expression of power and authority where the activities of residents could have 
been constantly monitored. This implies some sort of ranking or stratification; at the very least, a 
clear distinction between those who monitor and those who are monitored. To test this idea, I 
would need to find some evidence of contestation, perhaps over certain areas of the plaza that may 
have separated sacred and profane areas.  
However, it is important to note that the historical particulars that led to the emergence of 
plazas-oriented villages in the Southwest (wars, migrations, and so on) are not the same in the 
Southeast. There they are a much older phenomenon, appearing during the Archaic Period (9000 
–1000 B.C.) Nevertheless, Russo (2004) demonstrates that the production of space at sites 
throughout the region was structured by and imbued with sociopolitical relations. Russo’s 
interpretation is based on social space theory, which attempts to explain how people position 
themselves with regard to symbolic and visual communication, rank, and other social interactions. 
He argues that shell rings built by Archaic people demonstrate signs of social inequality. However, 
he is cautious in this assertion because other lines of evidence indicate that Archaic people were 
egalitarian. He therefore describes these societies as transegalitarian; societies that demonstrate 
aspects of both simple and complex social organization. The evidence for social inequality he 
proposes includes feasting, shell ring size and shape, and social “positioning” (where individuals 
live in relation to everyone else). According to ethonarchaeological evidence, individuals or 
families who hold more power or influence in the community situate themselves in the highest 
places, or areas where they can exert the most visual and symbolic dominance. Concerning 
feasting, transegalitarian feasting events are much larger than those of egalitarian societies due to 
their technological ability to produce surplus food on a predictable basis. Signs of transegalitarian 
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feasting, and consequentially social inequality, include larger quantities of food items compared 
to refuse in quotidian contexts, rare or labor-intensive animal species, and evidence for wasted 
food items. Russo’s model is helpful in determining whether social inequality existed at sites where 
the traditional signs of it (exotic trade goods, prestige burials, tributary architecture) are not 
present. 
Russo’s work provides useful insights on the signs of social inequality embedded at shell 
ring sites. He outlines what archaeologists should expect to see at these sites if any form of social 
hierarchy or stratification was present in that particular society, with an emphasis on feasting 
episodes and the remains left behind. However, Russo’s work raises a few concerns. Although 
some residential areas may have been uncovered at Crystal River, not enough is known about them 
or the relationship between individual houses and their proximity to the ceremonial center (or 
plaza); therefore, inferring “social positioning” at the site is challenging. Also, while signs of 
feasting may seem to be visually apparent, proving feasting episodes archaeologically is a much 
more difficult proposition. Nevertheless, Russo presents a compelling argument and, although the 
work is focused on Archaic shell ring sites, the implications of this work can be applied to 
Woodland-period sites, which may be helpful in discovering subtle signs of expressions of power 
and possible social inequalities at Crystal River and for other middle-range societies. If activities 
such as feasting took place within the plaza, soil phosphate analysis should be able to demarcate 
areas with unusually high concentrations of phosphates that may be indicative of feasting episodes. 
This could perhaps be corroborated by the presence of high concentrations of shell micro-artifacts 
in areas of the plaza that are rich in phosphates. 
 Plazas are utilized as spaces for ceremony and ritual (Figure 3.4). Rituals themselves are 
designed to communicate, and the spaces in which ritual take place reflect modes of ritual 
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communication that occurred in those spaces. In Moore’s (1996) work in the Andes, he argues that 
plazas were utilized for rituals that combine speech, music, dance, and sacrifice—actions that 
served to fuse communities, validate social distinctions, and restate cosmogonies. Moore describes 
three different types of plazas, as well as a model that allows for the discernment for the types of 
ritual that may have occurred in each, with an emphasis on communication and perception. For 
example, the scale of plazas sets limits on the types of ritual communication that are possible or 
effective; therefore the types of ritual communication that occurred can be deduced, because the 
archaeological record indirectly reflects the use of space in public ceremony. Small plazas are most 
useful for rituals involving very detailed and intimate gestures, speech, and other communication 
suitable at close range. Material evidence at sites with smaller plazas shows up in the form of 
miniature figurines, small metal objects, and intentionally destroyed ceramics, types of ritual 
communication that necessitate that viewers be close in order to decipher this visual information, 
and is appropriate for small communities (or a small number of participants).  
 Understanding variations in plaza architecture can allow for a better understanding of ritual 
communication and how ritual is used for the maintenance of legitimacy and power. In this work, 
Moore provides useful models for inferring the likeliest forms of ceremony and communication 
that occurred within Andean plazas. He integrates multiple lines of evidence, including the form 
of the built environment, use of space, and artifact distribution. However, at Crystal River there 
has yet to be definitive evidence of ritual recovered from the plaza; it has only been assumed based 
on evidence from similar plaza-mound sites in the Southeast. However, it is possible that the 
geoarchaeological investigations I perform will uncover something of that nature, most likely 
relating to ceremonial feasting debris. This approach, with its emphasis on proxemics, could 
provide important phenomenological data on how ritual was experienced in the plaza (and perhaps 
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Figure 3.4: Indigenous people performing ritual in a small plaza at Teotihuacan. Photograph by 
author. 
 
  
from different areas of the plaza) by members of the community, as well as how power was 
demonstrated and legitimized through ceremony. 
 
Economic Relations in the Built Environment 
The production of space is integral to the workings of the political economy, since societies 
produce distinctive social spaces that meet the requirements for economic and social reproduction. 
This is especially true of public space such as plazas. Thus, I feel it is important to mention several 
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models that may explain the processes responsible for the creation of this public space, what its 
purpose and function was, and how the activities carried out in it served to reproduce economic 
and social relations (Figure 3.5). 
Renfrew’s (2001) study employs a cognitive-processual approach, which he describes as 
the processual approach with consideration to symbolic and religious aspects of culture, to 
analyzing the role of production and consumption in the Chaco regional system. Previous theories 
regarding Chaco as a secondary trading center and/or an elite power base are argued against and 
ultimately dismissed. Renfrew’s model places emphasis on Chaco being a “Location of High 
Devotional Expression” for an essentially egalitarian society, where pilgrimages were made for 
religious purposes. Therefore, he argues that a consideration of the symbolic and ideological 
aspects of the culture system is necessary for a proper understanding of the inner workings of the 
economy. Locations that conform to the High Devotional Expression model usually contain 
various characteristics, which include but are not limited to monumental architecture, “attention-
focusing devices,” features, axes, and orientations of cosmological significance, demarcated 
spaces for ritual, and evidence of conspicuous consumption. Thus, we must investigate the 
production, exchange, and consumption of goods from within a religious context; in effect, we are 
investigating a “sacred economy.”  
Renfrew’s treatment of the Chaco phenomenon is very similar to the currently accepted 
model of Crystal River, in which it is seen as a ceremonial civic-center that was used by egalitarian 
societies to conduct periodic rituals. However, Crystal River was also an important part of an 
extensive trading network; whether this figured into a sacred or ritual economy is as of yet 
uncertain. Crystal River conforms to many of the characteristics he outlines for Locations of High 
Devotional Expression. Unfortunately, this work does not talk about representations of power in 
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Figure 3.5: Business owner making a paella feast in Tlaxcala’s Plaza de la Constitucion. 
Photograph by author. 
 
 
the built environment nor how space is constructed or used, but does provide valuable insight on 
how egalitarian societies can intensify production and consumption within the context of ideational 
or devotional significance in sacred spaces (which may apply to the plaza at Crystal River). 
Nevertheless, these ideas can be tested by looking for evidence of feasting in the plaza. Unusually 
high concentrations of bone, shell, and phosphates can be indicative of feasting episodes possibly 
associated with rituals or public ceremonies. This would demonstrate the plaza was an integral 
component to economic and social reproduction associated with ritual contexts, functioning as a 
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space where social relations were negotiated and reproduced through the performance of ritual 
obligations such as craft production. 
Spielmann (2002) has demonstrated that small-scale societies sometimes operate under a 
ritual mode of production, whereby ceremonial feasting and the need for socially valued goods 
create the demand that creates and sustains economic intensification. She draws on ethnographic 
information from Melanesia and other geographic areas where communal feasts are still held. The 
motivation for the intensification of food production and the need for socially valued goods are 
not to meet the demands of a growing population but rather to meet the demand for items central 
to social reproduction. In many small-scale societies, ritual is in fact the primary locus of political 
action and authority. Planning and organizing ritual feasts mobilizes labor, since food at feasts is 
not taken from surpluses. It also spurs the development of craft specialization to meet the need for 
prestige goods for domestic use and long-distance trade. In sum, Spielmann argues that economic 
intensification in small-scale societies is often the result of ritual feasting, and the political 
aspirations of a few should not be emphasized over the “necessary” participation of the many. 
From an economic standpoint, this research serves as a good analogue to Crystal River for 
comparison and analogy. Feasting is believed to have occurred at the site, and it is possible that 
similar economic intensifications occurred there in preparation for ceremonies and left their 
remains within the plaza and the rest of the built environment. Spielmann’s model makes a good 
case for explaining economic intensification and craft specialization within small-scale societies 
without having to introduce other mechanisms such as social inequality or centralized power, 
which can also be applied to middle-range societies of the Southeast US. Her model also takes into 
account craft specialization as a function of meeting the demand for prestige items used in long-
distance trade, and evidence of this may exist in the plaza in the form of micro-artifacts. Unusually 
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high concentrations of micro-artifacts in a small area can indicate intensive craft production, and 
its location within the plaza limits can have implications concerning control of the production of 
ritual or symbolic items. 
Building on this idea, Spielmann (2008) employs a ritual economy analysis of the social 
logic people use to organize the production of ritual places, focusing her analysis on two examples 
of large-scale communal ritual spaces, the early British Neolithic causewayed enclosures and the 
Ohio Hopewell geometric earthworks. Instead of construction efforts being the product of elites, 
she focuses on the larger community’s role in the production of the built environment and ritual 
paraphernalia. People constructed these “ritual spaces” for a variety of reasons; however, 
Spielmann recognizes the importance of the built environment in communicating and reaffirming 
systems of meaning, including inter-group relations and the existence of the community. These 
sacred spaces often exhibit physical manifestations of the groups who created them, and they often 
express the political and social segmentation of the community, acting as a sociogram for the 
community itself. In effect, important social distinctions can be inferred from the layout of a site. 
These sites were not always the product of a powerful chieftain or elite lineage, but rather through 
the agency and efforts of an entire community (consisting of separate groups) that have social and 
ceremonial obligations to fulfill.  
Spielmann (2008) takes a ritual economy approach to explain how small-scale societies 
can construct monumental ritual spaces without the need for a ruling elite or powerful chiefs, which 
may be helpful in describing Crystal River. Different groups can work together to create these 
sacred spaces if they have the same ritual obligations/ideology.  I may be able to find evidence for 
different groups in the plaza through micro-ceramics, although this may not apply for Crystal 
River, as it could very well be just one group’s expression of power. The Ohio Hopewell 
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earthworks is the most similar culturally and temporally to Crystal River, although they generally 
do not have villages associated with them in the same way Hopewellian centers in the Southeast 
do. Nevertheless, a similar mode of ritual craft production may have also existed at Crystal River. 
Modes and function of craft production include crafting as a route to authority or power, crafting 
for more generalized participation in communal ritual, and crafting to ‘‘gear up’’ for communal 
ceremonies. This may be recovered in the microartifact assemblage within the plaza (should there 
be any), in the form of unusually high concentrations of debris (shell, ceramics, and so on) 
associated with craft production or feasting within a relatively short span of time. 
Dillehay (1990) proposes a new model to explain the rise of monumentalism, using case 
study of the Mapuche, a “chiefdom-level” Andean people living in modern day Chile. Previous 
theories viewed monuments such as the mounds and earthworks of the Mapuche as a sign of 
emerging social and economic stratification, as a function of land claims, or as symbolic systems 
meant to legitimize internal social strategies. Dillehay’s model places emphasis instead on the 
outcome of processes that characterize the changing relations and strategies between different 
social groups. Some of the variables involved in the production of these monuments include 
marriage rites and the trade of partners, the legitimization of land claims by local lineages, and the 
role of chiefly authority. In this society, chiefs do not derive their power from their ability to 
accumulate wealth, but rather their ability to regulate the redistribution of resources through 
ceremony and marriage alliance. According to Dillehay, Mapuche monuments and earthen mounds 
act as permanent ceremonial fields in which public activities are spatially anchored, and kinship 
and other relations are historically and continuously formed (Dillehay 1990:226). Power and 
leverage come from controlling the time and scheduling of public events. In order to plan 
ceremonies in advance, leaders must make decisions about the allocation of time and the 
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assignment of roles. These roles, in turn, are associated with different practices that may have been 
performed within the plaza, leaving behind traces of their existence in the form of micro-artifacts.  
Dillehay’s work is helpful in that it suggests ways in which the different variables that can 
lead to monumental construction interact to produce social groupings and their associated 
architectural and spatial forms. Although his analysis focuses on a “chiefdom-level” society, many 
of the same variables that contribute to the production of monuments in his case study (marriage 
alliances, land claims, and so on) were likely present in the social structures of other middle-range 
societies like Crystal River. Also, his model does not focus on the built environment being a sign 
of emerging social or economic stratification, but rather on the processes that characterize 
changing relations and strategies of social groups. This concept is especially useful in light of 
previous studies that characterize Crystal River as a site that so far has demonstrated a low degree 
of social stratification (if any) and power differential. However, he shows that the source of chiefly 
power in the case study comes from controlling the timing of public events, and this may have also 
been used as leverage over the communities surrounding Crystal River. Large-scale feasting 
activities may have also necessitated the division of labor, implying the emergence of some degree 
of social hierarchy. Much like Mapuche monuments, the plaza at Crystal River may have anchored 
public activities and provided a place where sociopolitical relations could be negotiated. 
 
Summary 
By employing a spatialization approach, I seek to reconstruct not just how the plaza at 
Crystal River was used and for what purposes, as well as how this spatial arrangement was a 
reflection of the sociopolitical and economic forces responsible for its construction. I will analyze 
the plaza from two perspectives: first, how the plaza as a space was used and for what purposes, 
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and second and more broadly how the plaza was integrated into the built environment with the 
mounds and village that surround it. For the purposes of my research, I follow Low’s (2000) 
approach closely in order to “spatialize” culture, by which she means to physically, historically, 
and conceptually locate social relations and social practice in space (Low 2000:124). Specifically, 
I will focus on the social production of space, because it emphasizes material culture and is useful 
for defining the historical emergence and the political/economic formation of space (Low 
2000:128).  
Unlike Low, however, I do not have the luxury of using ethnographic methods to witness 
how public space is used, negotiated, and contested. I do, however, have the ethnohistorical 
descriptions of plaza use in the Southeast during the historic era, which may be used to form some 
expectations regarding the use of plazas. To evaluate these possibilities, I rely on integrated 
geoarchaeological techniques, including ground-penetrating radar, gradiometry, soil phosphate 
analysis, and microartifact analysis. These techniques allow me to determine the types of activities 
took place in the plaza, as well as their locations. The location, arrangement, and distribution of 
micro-artifacts and phosphate concentrations in the plaza can have many implications concerning 
the social, economic, and political lives of the ancient inhabitants of Crystal River. Further, 
understanding the contestation over public space can “uncover and illuminate larger cultural 
issues” (Low 2000:128). Through spatializing culture and uncovering the contestation (or lack 
thereof) over public space in the plaza, this project has the potential to provide insight into the 
dynamics of competition and cooperation, aligning itself with the broader goals of the Crystal 
River Early Village Archaeological Project (CREVAP). 
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Chapter 4: Methods 
 
To reconstruct potential activity areas in the plaza, as well as elucidate the nature of 
activities which took place within it, I utilize four complementary geoarchaeological techniques: 
geophysical survey (ground penetrating radar, or GPR, and magnetic survey), microartifact 
analysis, and soil chemistry analysis. As noted in previous sections, a resistivity survey has already 
been conducted throughout the site, including the plaza; therefore, the addition of GPR and 
magnetic survey provide an additional perspective and can identify features that would not be 
picked up by resistivity. Microartifact and soil chemistry data serve to highlight natural and 
cultural site formation processes, while also facilitating spatial analyses and the reconstruction of 
specific activity areas. In what follows, I describe the field methods involved in the retrieval of 
each class of data, as well as the laboratory methods used to process and interpret them.  
 
Ground-Penetrating Radar and Magnetic Survey 
GPR surveys present a nondestructive method of imaging the subsurface by pulsing 
electromagnetic waves into the ground and detecting the signals which are reflected back when 
they encounter subsurface features (Goldberg and Macphail 2006; Johnson 2006). This method 
has the ability to gather data from known depths to produce images and profiles of specific layers 
and horizons by recording the amount of time it takes to receive the reflected radar pulses. The 
elapsed time (in nanoseconds) is converted into depth, whereby specific levels in the ground can 
be mapped individually, as well as the location of cultural materials up to a few meters below the 
54 
 
surface (Conyers 2010). Materials with a high dielectric slow the radar wave, while those with a 
high conductivity will attenuate the signal rapidly. On the other hand, metal materials do not allow 
any amount of signal to pass through, reflecting the signal completely. In practice, the use of GPR 
often (but not always) involves a researcher pushing a cart with a computer and antenna attached 
up and down a grid at prescribed intervals, while the a antenna sends and receives the signals 
pulsing through the ground.  Geophysical survey actually began as a tool for geologists, physicists, 
and other prospectors on the hunt for buried deposits of hydrocarbons and other minerals. Its utility 
in archaeology began in a similar fashion, with researchers utilizing this technology in order to 
‘prospect’ sites for buried cultural features which could later be excavated (Conyers 2010).  
However, recently the use of geophysical survey is incorporated into research projects in a 
much more integrated way, while also solving many of the issues associated with excavation (and 
thus destruction) of archaeological sites (Horsley et al. 2014). The implementation of a geophysical 
survey not only allows for the fast and accurate mapping of sites and buried remains, but also 
represents an appropriate alternative to the costly and destructive invasive excavation techniques. 
In addition to the rising costs of excavation, many archaeological sites require permits for 
excavation which can be difficult to obtain, but are not needed for non-intrusive methods such as 
GPR. The use of GPR also presents a suitable substitute for those who are reluctant to dig based 
on conservation or ethical grounds (Gaffney 2008). Further, geophysical survey has assisted 
archaeologists in uncovering previously unseen enclosures and features, especially at prehistoric 
mound sites all over North America (Burks 2014).  
The use of GPR is especially prevalent among researchers working at monumental mound 
sites in the Southeast and Midwest, where archaeologists are focusing on the use of space and 
architecture and how it relates to social organization (Horsley et al. 2014). Jarrod Burks (2014), 
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utilizing several geophysical techniques including GPR, uncovered several previously unknown 
features, including mapping the Moorehead Circle, a non-mortuary feature consisting of a large 
circle of postholes, much like a woodhenge. Similarly, geophysical investigations at the site of 
Garden Creek, North Carolina revealed the presence of a previously undiscovered mound, as well 
as documenting the extent of the enclosure (Horsley et al. 2014). GPR can also function as a tool 
to locate unmarked burials. Researchers in Australia were able to locate burials located in rock 
shelters based on the presence of rocks which were placed on the deceased’s head at the time of 
interment (Lowe et al. 2014).  
GPR can also be utilized to uncover large, buried architectural features, revealing site 
layouts and civic planning details that may go unnoticed through surface or even aerial survey. For 
example, archaeologists at the site of El Baul, Guatemala, were able to uncover a fourteen meter 
wide, stone-paved causeway which links two acropolis’ (Safi et al. 2012). Buried structures were 
also discovered using GPR north of an excavated settlement in Sardinia, Italy, revealing the 
location, depth, vertical extent, and even thickness of the buried walls (Testone et al. 2014). The 
technique has also been employed for imaging plazas, although most of this research has focused 
on Mesoamerican, as opposed to Southeastern, contexts. At the site of Teotepec, Mexico, 
researchers found that the plaza was an “intentionally modified feature where soils and gravels 
from other areas were brought in to produce a level area,” as well as discovering a potential ball 
court along the plaza’s eastern edge (Thompson et al. 2009:446). 
At Crystal River, GPR survey was carried out using a Geophysical Survey Systems, Inc. 
(GSSI) SIR3000 ground-penetrating radar unit, using a 400 MHz antenna and a model 620 survey 
wheel (Figure 4.1). Sixteen bit data were collected using a 50 nanosecond time window, taking 
512 samples per scan at 50 scans per meter. Traverse intervals were set at 50 cm. The GPR data 
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were processed using GPR Process and GPR Viewer Version 1.7.6, developed by Larry Conyers 
and Jeff Lucius (2010). Time slices were visualized using Surfer 13 (copyright © 2015 Golden 
Software, LLC).   
Three 20-x-20-meter grids were placed in locations across the plaza, arbitrarily designated 
the Plaza Grid 1 (South Plaza), Plaza Grid 2 (North Plaza), and Plaza Grid 3 (North Plaza). In total, 
1200 m2 of the plaza was surveyed. Orientation of the grids were parallel to the plaza, and not 
oriented toward true or magnetic north. The location of the grids were chosen on the basis of 
several factors, including the presence of previously identified anomalies (see Norman 2014), 
results of the microartifact analysis, and more practical concerns such as sufficient open space to 
operate the instrument without running into the many trees which dot the plaza landscape.  
Plaza Grid 1 was situated near a suspected hot spot of activity centered around Core 15, 
based on Norman’s (2014) core analysis indicating a relatively large amount of shell mixed in the 
soil matrix, and supported by the preliminary microartifact analysis results. Plaza Grid 2 was 
situated near the central portion of the plaza near Core 28, slightly northeast of the paved sidewalk 
which bisects the state park. This area was selected because Core 28 was identified by Norman 
(2014) as bearing shell, as opposed to the other northern plaza cores which were strictly composed 
of sediment. This was also confirmed via microartifact analysis. Plaza Grid 3 was placed at the 
north end of the plaza, just south of Mound H near Core 25, which was identified by Norman 
(2014) as having two distinct black strata over limestone, possibly indicating a feature.  
On the other hand, magnetic survey is especially useful for detecting small, near surface 
phenomena at high resolutions. Gradiometers and magnetometers work by measuring the 
perturbations of the earth’s magnetic field over a ground surface. Subsurface features, particularly 
those related to heating activities such as hearths (but can also include pits, embankments, and 
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Figure 4.1: Alexander Delgado (author) and Shaun West calibrating GPR unit at Crystal River. 
 
 
more), can be easily detected by magnetic survey (Walkington 2010). Magnetic survey is actually 
the most common form of geophysical survey used in archaeology, due to its relatively fast data 
collection ability and general applicability for shallow investigations. Anything from small hearth 
features, to entire sites, have been mapped using magnetic surveys (Gaffney 2008). Much like 
GPR, magnetic surveys require the researcher to walk up and down a grid at prescribed intervals, 
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while holding a sensor which measures the Earth’s magnetic variations across space. The computer 
attached to the sensor reads the negative and positive amplitudes of the soil, allowing even the 
shape and size of subsurface magnetic anomalies to be determined (Hargrave 2011). Of course, 
there are several different ways of performing magnetic survey, such as push-carts which utilize 
multiple sensors in order to get the most accurate and dense readings.  
 Archaeologists have employed magnetic survey all throughout the world, especially the 
Southeast, and has provided valuable insight concerning previously unknown features, even at 
well-studied sites. At Cahokia, magnetic survey was carried out on two mounds (Mound 36 and 
37), as well as Ramey Field, a large area east of Monk’s Mound. The results revealed the remains 
of a large, circular structure at the summit of Mound 36, as well as an “anomaly complex” at the 
north end of Ramey Field, indicated by linear magnetic anomalies (Hargrave 2011:15). At the 
Steel Group earthworks site in Ohio, magnetic survey revealed the presence of multiple geometric 
enclosures that went unrecorded by nineteenth century surveyors Squier and Davis (Burks 2014). 
Conversely, magnetic survey can also be utilized to rediscover archaeological features that may 
have been previously recorded but have since disappeared. In an effort to relocate circular 
enclosures documented by Moorehead (1898/99) at the Snake Den group in Ohio, Burks (2014) 
discovered the site to be larger than previously believed, including the fact that the main enclosure 
was not a circle at all, but rather more of a rounded square. At Etowah, magnetic survey results 
conducted at the summit of Mound A revealed a complex of four Mississippian Period buildings, 
arranged around open spaces. Interestingly, the researchers discovered that parts of the complex 
were completely obscured from view when looking from the plaza, shielding those on top from 
the prying eyes of the community (King et al. 2011). 
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  The same three grids employed for GPR survey were also utilized for the magnetic survey 
(Figure 4.2) with the hope that the gradiometer would pick up any small, near surface phenomena 
that would be otherwise missed by the GPR. Magnetic survey was accomplished using a 
Bartington Grad601 vertical component, single-array fluxgate gradiometer. Eight readings per 
meter were recorded along transects spaced at 50 cm for optimal data density. Operator pace was 
set at 1 meter per second, beginning each grid from the southwest corner. Gradiometer data were 
processed using TerraSurveyor software (copyright © 2002 - 2016 DW Consulting). 
 
 
 
Figure 4.2: Conducting magnetic survey in the South Plaza. 
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Microartifact Analysis 
Historically plazas were continuously swept clean and kept free from debris, thus 
discouraging the possibility of recovering artifacts of any significant size. For this reason, plazas 
have largely been ignored in favor of studying mounds, domestic structures, and other more 
conspicuous elements of prehistoric sites. However, traces of cultural activity may have been 
deposited within these “empty spaces” in the form of micro-artifacts. These are minute pieces of 
shell, bone, lithics, and other materials indicative of past behaviors and activities. Micro-artifacts 
can be created in a myriad of ways, including through the accidental breakage of ceramics, the 
processing of mollusks for food and shell tools, the breaking of bone to extract marrow or via the 
production of bone tools, the grinding of grain and seeds, and through subtractive production 
technologies like flint-knapping (Foster 2014:3). Due to their small size, these tiny pieces of refuse 
often go unnoticed during cleaning and are especially susceptible to being lost in the soil matrix 
and trampled into dirt floors, making them well-suited for identifying primary refuse areas 
(Fladmark 1982; Rosen 1991; Sherwood et al. 1995). The accumulation of these particles leaves a 
diachronic record of activities which occurred in any particular structure or space, therefore high 
concentrations of micro-artifacts in a single location can represent long-term repetitive contexts 
for activities (De Lucia 2013; Hodder and Cessford 2004; Hull 1987; Rosen 1989). For this reason, 
microartifact analysis has developed over the last thirty years as a specialized means of uncovering 
primary use contexts and reconstructing past activities (Foster 2014). Although it can be an 
extremely time consuming process, microartifact analysis can provide valuable information which 
complements data obtained from larger objects (Dunnell and Stein 1989). 
It is important to note that not all micro-artifacts enter the archaeological record as such; 
rather, they may represent pieces of larger objects broken down through post-depositional 
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chemical and physical weathering, or even through cultural site formation processes such as 
trampling in a high-traffic area (Dunnell and Stein 1989). Micro-artifacts derived from more 
delicate objects, such as bone or shell, are more likely to be generated after deposition as opposed 
to more robust materials such as lithics or metals. Therefore, abundance of these more perishable 
objects may indicate either intense activity or the length of time an object has been in the 
archaeological record (Foster 2014; Sherwood et al. 1995). This bears an important implication 
for my research; since most of the micro-artifacts analyzed from the plaza are in the form of bone, 
shell, ceramics, and other materials subject to post-depositional deterioration, comparisons based 
on abundance may not be pertinent. However, metrics such as density and weight are more 
appropriate and will provide accurate representations of hot spots or activity areas. Nevertheless, 
micro-artifacts that are particularly numerous in any given sample or size class may still be worthy 
of discussion. 
 Size parameters for micro-artifacts have varied considerably from project to project, and 
even now there is still no official consensus as to what constitutes a microartifact. Despite the 
upward boundary of microartifact size being an arbitrary decision based on the goals and limits of 
the research, there are still some sound reasons for making the distinction at a certain size. Dunnell 
and Stein (1989:34) suggest that defining the upper size limits of micro-artifacts be tied to “the 
size at which a change in collection and identification techniques is necessary.” Sampling 
strategies notwithstanding, size limits on microartifact analysis can be set according to two basic 
criteria: first, the micro-artifacts should be small enough to be incorporated into the sediment 
matrix and not subject to intentional relocation; secondly, the material should be large enough to 
be confidently identified by the researcher (Foster 2014:10). Fladmark (1982) and Hull (1987) 
agree on 1 mm as the upper limit for the study of microdebitage, based on the ability to distinguish 
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flakes from other particles using only the naked eye. Considering the full range of artifacts beyond 
lithic debitage, Dunnell and Stein (1989), Sherwood et al. (1995), and Kontogiorgos (2007) all set 
the upper limit at 2 mm. Other studies have raised that limit to 6 mm (Austin et al. 1999), 10 mm 
(Nadel 2001; Rainville 2005), and even 25 mm (DeBoer 1983).  
For the purposes of this research, I focused the analysis on lithic, shell, bone, charcoal and 
ceramic micro-artifacts contained within the plaza core samples recovered by the CREVAP team 
in the summer of 2011 (see Norman 2014), and limited the analysis to those objects which fell 
between the size ranges of 1.00-2.00 mm and 2.00-4.75 mm. Plant remains were also identified 
and recorded; however, these data will not be utilized for comparative analysis since they are 
mainly modern additions to the soil and not archaeological in nature. First, each core samples 
volume and weight were measured and recorded. Volume of samples ranged between 20-490 ml, 
while the weight of the samples ranged from 23.44-432.11 g. Each sample was then dry-sifted 
through a set of incremental geological nested sieves, from 4.75 mm (U.S. Standard Number 4), 2 
mm (U.S. Standard Number 10), and 1 mm (U.S. Standard Number 18), resulting in three fractions. 
Fraction 1 consists of micro-artifacts larger than 4.75 mm; Fraction 2 consists of micro-artifacts 
between 2.00 and 4.75 mm; and Fraction 3 consists of the smallest micro-artifacts falling in the 
range of 1.00 and 2.00 mm.   
Objects smaller than 1 mm were also recovered using a .25 mm mesh screen to capture all 
remaining material. Sediment which was processed through the sieves was collected and curated 
for future soil chemistry tests. After dry screening, the samples were wet-screened through the 
same set of geological sieves to wash off any remaining sediment from the micro-artifacts, thus 
allowing for easier identification. They were then air dried for at least 24 hours before beginning 
the sorting procedure. Objects larger than 4.75 mm were also collected and recorded, while objects 
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smaller than 1 mm were collected for future analysis but not analyzed due to time and resource 
constraints. In addition to the plaza cores, four control sample cores from marshy areas off-site 
were prepared in the same manner to establish a baseline for the abundance of small pieces of 
shell, bone, and other ecofacts deposited through natural site formation processes. In total, twenty-
four samples were utilized for the analysis. 
Identification and quantification of specific microartifact classes was facilitated via the use 
of binocular lenses at 3.5x magnification. I sorted the micro-artifacts according to the isolation of 
specific attributes, such as material, color, texture, and shape (Figure 4.3). Micro-artifacts were 
sorted and counted individually without the aid of visual percentage charts, computer programs, 
or other subsampling analysis methods. Identification was aided also in part utilizing comparative 
samples of macroartifacts recovered from previous investigations on site (Dammann 2012; 
Fladmark 1982; Pluckhahn et al. 2015). Below, I describe the specific characteristics used in the 
identification of the various artifact classes. 
Lithic material, in the form of microdebitage, refers to stone which was modified by 
subtractive technologies like flint-knapping, wear from normal use, and/or trampling by people. 
Stone tools are relatively rare at Crystal River compared to other Southeastern sites since high-
quality chert cannot be obtained from the immediate environs. Nevertheless, microdebitage  can 
be easily identified and distinguished from naturally occurring stone by the presence of several 
characteristics, including angularity, thickness, remnants of conchoidal fractures, absence of 
frosting (present on alluvial quartz grains), and some hint of color (usually tan or gray) (Sherwood 
et al. 1995). 
Ceramic material recovered from off-mound areas at Crystal River is characterized mainly 
by plain, limestone tempered pottery (Pasco series), with a smaller, but still significant portion of 
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Figure 4.3: Micro-artifacts from Core 48, Strata 1, Fraction 1 sorted according to material class. 
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plain, sand tempered varieties (Swift Creek and Weeden Island series) and plain “temperless” (St. 
Johns series) (Thompson 2016). Even at the microscale, these inclusions can be fairly obvious. 
Small limestone chunks tend to stand out as stark, white components within the dark clay matrix 
blackened during the firing process. Other factors involved in the identification of micro-ceramics 
include angularity and hardness- the sherd should not break down when light pressure is applied. 
These types of micro-artifacts are ubiquitous at most sites, especially in domestic contexts, and the 
grain-size distribution of sherds may indicate the extent of trampling on a given surface (Kirkby 
and Kirkby 1976). According to Rosen (1991), a high percentage of sherds in smaller size fractions 
may indicate whether a particular space had a great deal of traffic, which may have implications 
concerning public versus private use of space. However, unlike bone or shell, ceramics tend to 
break up into their constituent elements (clay and temper) once crushed beyond a certain point, 
which presents certain difficulties concerning identification (Dunnell and Stein 1989). Throughout 
the analysis, it was my experience that material smaller than 1 mm could not be confidently 
identified as micro-ceramics.  
Bone fragments are usually deposited into the archaeological record through cultural site 
formation processes such as food production, as well as the activities of domestic canines and other 
animals who may be drawn to sites of human refuse. Pieces of bone that are not consumed by 
scavengers are often trampled into the living surface. Although bone preservation can vary, even 
within the same context, fragments can be easily identified according to color, shape, and structure 
(Rosen 1991; Sherwood et al. 1995). In most cases, bone has a distinct caramel brown coloration. 
However, burnt bone can often be black, and depending on how long it was exposed to heat can 
even appear with a bluish tint, or white when almost completely reduced to ash. When combined 
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with macroartifact data, bones can provide invaluable information concerning environment, diet, 
and cultural site formation processes. 
  Shell is probably the most abundant material at Crystal River, and even at small scales 
can readily be recognized by the naked eye. It can be most often identified according to its white 
to gray coloration (although some varieties have a “pearly” sheen), as well as its distinctive 
structure and fragile nature. Small pieces of shell usually take the form of thin, angular flakes, and 
with enough applied pressure can be reduced to nothing more than dust, as opposed to lithics which 
do not break down under light pressure. Shell is usually deposited into the archeological record 
through cultural site formation processes, such as food processing and tool production. The 
extremely friable nature of shell suggests that these micro-artifacts can even be produced through 
excavation and processing techniques, no matter how careful the researcher. 
Charcoal remains are usually indicative of a hearth, associated either with food processing, 
industrial activity (such as the production of pottery), or simply for heating and lighting. According 
to Rosen (1991), it is necessary to draw a distinction between wood and seed charcoal because 
when found together they may indicate food production, but wood found alone may be evidence 
of industrial activity. Therefore, charred seeds will be separated from other charcoal remains. 
Charcoal can be distinguished from other micro-artifacts rather easily, and most often appears 
black (sometimes with a certain luster) and rectangular. Charcoal can also appear with a rather 
blueish tint, or with a white, ashy exterior depending on how much it was heated. They will also 
leave black traces when moved along a flat surface, much like the graphite used in pencils. At the 
micro scale it is possible to mistake small clods of rich, organic soil for charcoal; however, small 
clods of dirt will often deteriorate under soft pressure, while charcoal generally holds together. 
Nevertheless, it is still a fragile material and flecks can break off if too much pressure is applied. 
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Soil Chemistry  
 Anthropogenic residues can be detected in soils not only by way of microartifact analysis, 
but also by analyzing their chemical compositions. Soils have the ability to store paleoecological 
indicators such as pollen, phytoliths, and animal bones, and also record the chemical residues 
resulting from the human use and management of landscapes. For this reason, it is necessary to 
draw a distinction between paleosols (soils formed through natural processes) and anthrosols (soils 
created through human manipulation or activity). Generally, areas utilized for human settlements, 
refuse heaps, animal husbandry, and food preparation and consumption all result in an increase 
soil content of organic carbon, nitrogen, phosphorus, calcium, magnesium, and potassium, among 
other elements (Scudder et al. 1996). Previous studies have found that anthrosols can be either 
enriched or depleted of certain elements as a result of continuous or intense activities and 
processes. This includes the construction of middens and monuments (Scudder et al. 1996), food 
preparation and consumption activity areas (Barba et al. 1987; Barba and Ortiz 1992; Wells and 
Terry 2007), agricultural practices (Holliday and Gartner 2007, Terry et al. 2000), and even ritual 
activity (Holliday and Gartner 2007; LeCount et al. 2016). In this way, soils act as an archive 
which hold great archaeological potential, and can therefore be utilized to infer physical and 
chemical conditions which were present and accumulated over significant periods of time 
(Walkington 2010).  
Of the many trace elements left behind by past humans which can be detected in soil, the 
best indicators of past human activities include Ba, Ca, K, Mg, Mn, Na, P, and Sr (De Lucia 2013). 
However, this depends largely on soil type, geology, previous land use, and a host of other factors. 
Currently, it is not well understood how concentrations of Ba reflect human activities. Na ions are 
very mobile and extremely reactive, therefore those results do not tell us much about human 
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behavior either. Most previous studies have focused on phosphorus concentrations as the primary 
indicator of human settlement for several reasons. Anthropogenic phosphorus among pre-
Industrial era people may come from various sources, including the deposition of “human waste; 
refuse, especially organic discard derived from bone, meat, fish, and plants; burials; and ash from 
fires” (Holliday and Gartner 2007:302). Phosphorus is usually found in its most common form as 
phosphate, which is normally less susceptible to leeching, reduction, or plant uptake than many 
other elements; however, this is also dependent on local geomorphology, land use history, and 
erosional conditions. When deposited into soil, it often quickly bonds with Fe, Al, or Ca ions to 
form stable compounds of inorganic phosphate minerals. Once within the soil matrix, phosphorus 
is relatively immobile with respect to other elements and not as susceptible to natural or cultural 
transformations. Therefore, phosphorus often accumulates at the site of deposition, and with long 
periods of occupation concentrations of anthropogenic phosphorus can exceed that of the 
surrounding natural phosphorus levels by several orders of magnitude (Holliday and Gartner 
2007). 
Several other elements, such as Ca, Mg, and K, can also be good indicators of human 
activity. Previous ethnoarchaeological studies have shown how cooking features, hearths, and ash 
associated with both contexts generally have elevated concentrations of P, Na, K, and Mg (Barba 
and Ortiz 1992, De Lucia 2013; Griffith 1981; LeCount et al. 2016; Middleton et al. 2005). 
Naturally, areas associated with food production and consumption, including those related to ritual 
feasting, generally have high concentrations of P (Barba and Ortiz 1992; Holliday and Gartner 
2007; LeCount 2001; LeCount et al. 2016). Luis Barba and associates have been able to 
demonstrate through ethnoarchaeological studies in Mesoamerican household contexts that areas 
particularly enriched with Ca and low in P were generally utilized for the production of nixtamal, 
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a key ingredient in the production of tortillas (Barba and Denise 1984; Barba and Cordova 1988; 
Barba and Ortiz 1992). However, not all human activities and social behaviors enrich the soil with 
phosphates and other trace elements; instead, some activities may actually deplete the soil of 
elements. For example, continuous sweeping and cleaning of sacred surfaces (often the case with 
plazas) can completely deplete the surface of phosphates (Holliday and Gartner 2007:308; Wells 
et al. 2000). On the other hand, ethnoarchaeological studies at the Maya site of El Coyote suggest 
ritual feasts were responsible for elevated levels of P detected in the southeastern portion of the 
plaza, while comparatively low levels of K and Ca indicate that the food was actually prepared 
elsewhere on site (Wells 2004).  
Measurement of multiple trace element concentrations was accomplished via Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS). This method allows archaeologists to appraise the 
concentrations of multiple elements at once (Walkington 2010). In basic terms, spectrometry 
functions by measuring the energy emitted by electrons when super-heated in a plasma torch to 
10,000 K. Sample solutions are first extracted using a mild acid digestion procedure. The solution 
is then sprayed into an argon gas to be super-heated and ionize the atoms, after which they are 
drawn into a magnet and sorted by mass via an ion detector. ICP-MS is more sensitive than other 
ion measurement methods (such as Direct Coupled Plasma-Optical Emission Spectroscopy), and 
is particularly useful for measuring heavy ions and determining the concentrations of less abundant 
elements (Holliday and Gartner 2007). The viability of this technique in archaeology has long been 
established, and its use here will complement the data from the microartifact analysis in 
determining specific areas and intensity of human activity in the plaza. Below, I describe the 
procedures involved with measuring the element concentrations from the plaza and marsh cores 
from Crystal River. 
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 Samples utilized for ICP-MS were the same as those used for the microartifact analysis, 
save for one (Core 48, Stratum 2) which was not utilized for soil chemical residue analysis due to 
a lack of funds (nevertheless, Stratum 1 from Core 48 was analyzed for chemical residues). In 
total, twenty-three soil samples were prepared for analysis, four of which came from the 
surrounding marsh off-site to serve as controls in order to determine the concentrations of naturally 
occurring elements in the vicinities of Crystal River (Figure 4.4). Samples were first prepared by 
 
 
 
Figure 4.4: Soil samples utilized for soil chemical analysis. 
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air-drying, and were then dry-sieved to collect any micro-artifacts. Two grams of soil were 
processed through the sieves, collected in clean polyethylene vials, and later pulverized using a 
Coors porcelain mortar in order to break up any remaining aggregates. To prepare the soil samples 
for ICP-MS analysis, the Foss mild acid-extraction technique was utilized, which involves infusing 
the soil samples in a 20 mL solution of .60 molar HCl + .16 molar HNO3, trace metal grade (Lewis 
et al. 1993). Samples were then shaken vigorously on an electronic shaker at 220 rpm for 30 
minutes. Utilizing a mild acid- extraction instead of a total digestion of the samples was chosen in 
order to focus on the anthropogenic inputs, rather than the total mineral composition of the soils 
(Fulton 2015; Wells 2010; see Figure 4.5).  
 After shaking, the solutions were then filtered using Whatman’s ashless filter paper and 
decanted into a new set of polyethylene vials. Next, 2 mL of the solution samples were diluted 
with 20 mL of Type II deionized water bring the elemental concentrations into the optimal 
measurement range of the instrument. The prepared samples were then transported to the Center 
for Geochemical Analysis at the University of South Florida and analyzed using a Perkin Elmer 
Elan II DRC quadrupole ICP-MS, which has detection limits ranging from .1 ppb to 1 ppb for most 
elements. The calibrated concentrations for 21 elements were measured, including aluminum (Al), 
barium (Ba), calcium (Ca), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), mercury (Hg), 
potassium (K), magnesium (Mg), manganese (Mn), sodium (Na), nickel (Ni), phosphorus (P), lead 
(Pb), strontium (Sr), titanium (Ti), uranium (U), vanadium (V), yttrium (Y), and zinc (Zn). 
However, for the purposes of this research only the main elements of anthropogenic interest will 
be discussed. The elemental concentrations were visualized using Surfer 13 (copyright © 2015 
Golden Software, LLC). 
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Figure 4.5: Preparing soil samples for acid extraction. 
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Chapter 5: Results of Soil Chemistry Analysis 
  
A total of 23 core samples were utilized for the soil chemistry analysis, each derived from 
distinct proveniences throughout the site. Two samples came from the midden area (Cores 8 and 
11), 11 from the South Plaza (Cores 14, 15, 16, 17, 18, and 19), six from the North Plaza (Cores 
23, 24, 25, 26, 28, and 29), and four from surrounding marsh areas representing off-site controls 
(Cores 46, 48, 53, and 55). Several cores (15, 16, 17, and 18) contributed multiple strata for soil 
chemistry analysis; however, only the stratum with the highest concentration of micro-artifacts 
from these cores (Core 15, Stratum 2; Core 16, Stratum 2, Core 17, Stratum 1, and Core 18, Stratum 
1) was utilized for statistical analyses.  
Summary statistics for the results of the chemical analysis are displayed in Table 5.1. 
Results for elemental concentrations are reported in parts per million (ppm; see Appendix). A 
graphical representation of these results is displayed as a side-by-side boxplot in Figure 5.1. Since 
Florida soils are naturally highly calcareous, having developed from a limestone substrate, Ca 
levels overwhelm those of other elements and were presented in a separate boxplot (Figure 5.2) 
along with P, whose levels also exceed the range of other elements. 
 Elemental data which have large ranges and high standard deviations work best for activity 
area analysis, and generally mean that deposition of chemical residues varies spatially and is not 
homogenous across the study area (Wells and Terry 2007). The summary statistics show that 
elements associated with anthropogenic activity (Na, Mg, Ca, K, Fe, P, and Sr) have fairly wide 
ranges, suggesting the chemical data do vary across space. Other elements, such as Al, Cu, Pb, Hg, 
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Table 5.1: Summary Statistics for Soil Chemical Data 
Variable  Range Minimum Maximum Mean 
Std. 
Deviation Variance 
Coefficient 
of 
Variation* 
Na 42.31 10.64 52.96 21.69 11.38 129.43 52.46 
Mg 17.47 2.97 20.44 10.35 5.09 25.93 49.21 
Al 7.44 0.98 8.42 4.32 2.18 4.76 50.53 
K 3.45 0.41 3.87 1.52 0.79 0.62 51.85 
Ca 1064.99 24.82 1089.81 273.16 321.21 103178.49 117.59 
Mn 2.00 0.00 2.01 0.40 0.58 0.34 147.12 
Fe 10.93 0.48 11.40 3.52 2.50 6.25 71.07 
Ba 0.29 0.01 0.30 0.07 0.08 0.01 115.49 
Cu 0.22 0.02 0.24 0.07 0.05 0.00 79.07 
Pb 0.10 0.00 0.10 0.03 0.03 0.00 88.09 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 131.02 
Ni 0.04 0.01 0.05 0.02 0.01 0.00 56.19 
P 492.25 0.00 492.25 116.94 159.96 25587.28 136.79 
Sr 4.04 0.19 4.23 1.15 1.23 1.50 106.51 
Zn 0.81 0.04 0.84 0.20 0.23 0.05 114.20 
Ti 1.69 0.01 1.70 0.36 0.54 0.29 150.62 
V 0.08 0.01 0.10 0.03 0.02 0.00 59.07 
Cr 0.03 0.00 0.03 0.01 0.01 0.00 69.45 
Co 0.01 0.00 0.01 0.00 0.00 0.00 107.57 
Y 0.06 0.00 0.06 0.02 0.02 0.00 101.53 
U 0.01 0.00 0.01 0.00 0.00 0.00 94.86 
*coefficient of variation= (standard deviation / mean) x 100 
Note: ppm </= 0 indicates levels are below the detection limits of the ICP-MS 
 
 
V, Cr, Co, Y, and U are either too low or not behaviorally relevant and were thus omitted from 
further analysis. Boxplots of individual anthropogenic element concentrations by core are 
presented in Figures 5.3 – 5.11. Since elements occur in different proportions throughout the site, 
each individual element boxplot utilizes its own scale. 
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Figure 5.1: Boxplot of Elemental Soil Concentrations 
 
 
Figure 5.2: Elemental Concentrations of Ca and P 
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Figure 5.3: Boxplot of Na Concentrations by Core 
 
 
Figure 5.4: Boxplot of Mg Concentrations by Core 
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Figure 5.5: Boxplot of K Concentrations by Core 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.6: Boxplot of Ca Concentrations by Core 
 
 
78 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.7: Boxplot of Mn Concentrations by Core 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.8: Boxplot of Fe Concentrations by Core 
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Figure 5.9: Boxplot of Ba Concentrations by Core 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.10: Boxplot of P Concentrations by Core 
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Figure 5.11: Boxplot of Sr Concentrations by Core 
 
  
The individual element boxplots yield some interesting observations. Perhaps not 
surprisingly, the highest concentrations of the major anthropogenic elements (P, Sr, Ba, K, Mn, 
and Ca) occur in Cores 8 and 11, recovered from the midden. The midden is characterized by large 
amounts of deposited shell, bone, charcoal, and other materials associated with food preparation 
and consumption. Although the entire site is composed of calcareous soil, it is evident that the 
large amount of shell remains in the midden elevate Ca levels considerably. Despite a general 
reluctance among researchers to utilize calcium concentrations for analysis in sites with calcareous 
soils, this information can potentially be useful to identify and characterize shell middens or 
midden-like areas at sites where they may not be immediately obvious. However, since the soils 
here naturally come from calcium carbonate, the Ca results will not be given further consideration 
since it is currently impossible to distinguish whether these concentrations are a result of human 
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deposition or natural processes. Another notable observation is the fact that the South Plaza cores 
(Cores 14, 15, 16, 17, 18, and 19) have consistently higher elemental concentrations than their 
counterparts in the North Plaza (Cores 23, 24, 25, 26, 28, and 29) and marsh (Cores 46, 48, 53, 
and 55), which may suggest that the former area was utilized for food preparation and/or 
consumption. Conversely, it may also reflect the idea that the North Plaza was thoroughly swept 
and kept free of debris for use in public and/or ceremonial and religious functions. Finally, Core 
48, which represents a marsh core, demonstrates significantly higher elemental concentrations 
associated with anthropogenic activity than the others in its class, and in the case of some elements 
higher than anything observed in either end of the plaza. This sample appears to have more in 
common with the midden cores, and may in fact represent run-off from erosional processes 
affecting the adjacent mound and midden, or a portion of the site which was in use prehistorically 
and now lies submerged due to rising sea levels. These results confirm Norman’s (2014) analysis 
which described this core as containing a discrete layer of midden. 
Two statistical tests were utilized on the soil chemical data to explore the interconnections 
among elements, as well as differences in elemental concentrations between areas across the site. 
However, I first calculated the Pearson’s r coefficient to determine which elements are positively 
correlated to help elucidate specific activities, particularly concerning food production and 
preparation. Positive correlations are considered significant at the .05 level (p=.05), while strong 
positive correlations are significant at the .01 level (p=.01). The results, which include some 
notable correlations, are presented in Table 5.2. Mg demonstrates a strong positive correlation with 
Na and K, while also correlating with Fe; this association is considered indicative of wood ash/fires 
(LeCount et al. 2016; Middleton et al. 2005). P demonstrates a strong positive correlation with 
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Table 5.2: Pearson’s r Correlations between Anthropogenic Elements 
(positive correlations in bold) 
 
   **Correlations significant at the .01 level (2-tailed) 
    *Correlations significant at the .05 level (2-tailed) 
 
Ca, Mn, Ba, and Sr, which often reflects the deposition of food remains such as shell and bone. K, 
often associated with wood fires and burning episodes/activities, is also correlated with most of 
the major anthropogenic elements (Barba and Ortiz 1992; De Lucia 2013; Holliday and Gartner 
2007).  
Na Mg K Ca Mn Fe Ba P Sr Zn Ti
Pearson 
Correlation
1 .647** .521** .040 .034 -.109 .022 .028 .052 -.001 .049
Sig. (2-
tailed)
.004 .027 .874 .893 .666 .932 .911 .839 .996 .846
Pearson 
Correlation
.647** 1 .635** .269 .338 .484* .306 .352 .320 .383 .350
Sig. (2-
tailed)
.004 .005 .280 .170 .042 .216 .152 .196 .116 .155
Pearson 
Correlation
.521* .635** 1 .465 .596** .293 .629** .510* .491* .451 .503*
Sig. (2-
tailed)
.027 .005 .052 .009 .238 .005 .031 .039 .060 .033
Pearson 
Correlation
.040 .269 .465 1 .945** .413 .905** .984** .994** .861** .963**
Sig. (2-
tailed)
.874 .280 .052 .000 .088 .000 .000 .000 .000 .000
Pearson 
Correlation
.034 .338 .596** .945** 1 .492* .973** .970** .953** .894** .970**
Sig. (2-
tailed)
.893 .170 .009 .000 .038 .000 .000 .000 .000 .000
Pearson 
Correlation
-.109 .484* .293 .413 .492* 1 .570* .500* .466 .465 .412
Sig. (2-
tailed)
.666 .042 .238 .088 .038 .013 .035 .051 .052 .089
Pearson 
Correlation
.022 .306 .629** .905** .973** .570** 1 .930** .919** .796** .900**
Sig. (2-
tailed)
.932 .216 .005 .000 .000 .013 .000 .000 .000 .000
Pearson 
Correlation
.028 .352 .510* .984** .970** .500* .930** 1 .993** .912** .983**
Sig. (2-
tailed)
.911 .152 .031 .000 .000 .035 .000 .000 .000 .000
Pearson 
Correlation
.052 .320 .491* .994** .953** .466 .919** .993** 1 .872** .968**
Sig. (2-
tailed)
.839 .196 .039 .000 .000 .051 .000 .000 .000 .000
Pearson 
Correlation
-.001 .383 .451 .861** .894** .465 .796** .912** .872** 1 .943**
Sig. (2-
tailed)
.996 .116 .060 .000 .000 .052 .000 .000 .000 .000
Pearson 
Correlation
.049 .350 .503* .963** .970** .412 .900** .983** .968** .943** 1
Sig. (2-
tailed)
.846 .155 .033 .000 .000 .089 .000 .000 .000 .000
Ti
Zn
Na
Mg
K
Ca
Mn
Fe
Ba
P
Sr
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The first test consisted of a one-way ANOVA to determine if there were any significant 
differences between groups of cores corresponding to a particular location on the site. Cores were 
split into four groups representing the “Midden,” “South Plaza,” “North Plaza,” and “Marsh.” For 
this test, Core 48 (originally a marsh core) was placed with the Midden group due to its similarity 
in elemental concentration and microartifact composition to Cores 8 and 11. The hypotheses for 
this test are as follows: 
H0: There are no differences between groups.  
H1: There are statistically significant differences between groups. 
The table of the results of the ANOVA are displayed in Table 5.3. Differences between groups are 
considered significant at the .05 level (p= .05). The results indicate that there are significant 
differences between groups for elements Ca, Mn, Fe, Ba, P, and Sr.  In order to determine the 
specific groups that are demonstrating differences, a Bonferroni post-hoc test was employed. I 
utilized this test because it is more conservative than Tukey’s test and reduces the probability of 
returning a significant result when conducting multiple comparisons. The results of the post-hoc 
test (see Appendix) indicate that the North Plaza is clearly differentiated from most other areas of 
the site on the basis of element concentrations. Specifically, the North Plaza exhibits statistically 
significant differences with the South Plaza and Midden for elements Ca (only Midden), Mn, Fe 
(only South Plaza), Ba, P, and Sr. However, with few exceptions, there are no differences between 
the North Plaza and Marsh groups; the elemental concentrations for these areas reflect a lack of 
anthropogenic activities.  
The South Plaza is less clearly differentiated from the Midden; there are no statistically 
significant differences between these two groups for the elements listed above. On the other hand, 
the South Plaza is clearly differentiated from the North Plaza and Marsh for elements Mn, Fe, Ba,  
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Table 5.3: ANOVA for Midden, South Plaza, North Plaza, and Marsh Groups 
 
 
Sum of 
Squares df
Mean 
Square F Sig.
Between 
Groups
.073 3 .024 .669 .585
Within 
Groups
.506 14 .036
Total .578 17
Between 
Groups
.063 3 .021 .584 .635
Within 
Groups
.507 14 .036
Total .570 17
Between 
Groups
.174 3 .058 1.424 .278
Within 
Groups
.571 14 .041
Total .745 17
Between 
Groups
3.959 3 1.320 10.366 .001
Within 
Groups
1.782 14 .127
Total 5.742 17
Between 
Groups
10.300 3 3.433 13.076 .000
Within 
Groups
3.676 14 .263
Total 13.976 17
Between 
Groups
1.382 3 .461 6.612 .005
Within 
Groups
.976 14 .070
Total 2.358 17
Between 
Groups
4.038 3 1.346 20.410 .000
Within 
Groups
.923 14 .066
Total 4.961 17
Between 
Groups
21.096 3 7.032 37.540 .000
Within 
Groups
2.622 14 .187
Total 23.718 17
Between 
Groups
2.817 3 .939 11.532 .000
Within 
Groups
1.140 14 .081
Total 3.957 17
Ca
ANOVA
Na
Mg
K
Differences between groups are significant at the .05 level, in bold.
Mn
Fe
Ba
P
Sr
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P, and Sr. Thus, ANOVA indicated that the North Plaza was clearly differentiated from both the 
midden and South Plaza, and more closely resembled the Marsh, in terms of elemental 
concentrations. The South Plaza, one the other hand, more closely resembled the midden, 
suggesting that it was the scene of some anthropogenic activities. However, there may be variation 
in cores that may not be apparent in the aggregate analysis by area. In order to examine the 
differences between cores, Kriging variograms for the major anthropogenic elements P, Sr, Mg, 
and K were created (Figures 5.12- 5.15) and overlaid onto the site map. Kriging is a type of 
interpolation of unknown values based on known values, and assumes that areas close together are 
more similar than areas further apart. By using a variogram model, it is able to characterize the 
degree of spatial correlation (Wells 2010).  
Examination of the Kriging image maps clearly demonstrate that highest chemical 
concentrations of P, Sr, K, and Mg are focused on the area of the midden and South Plaza, 
characterized by dark red in the distribution map. In the case of P and Sr, concentrations are highest 
in the midden and gradually decrease moving into the South Plaza. However, near the middle of 
the South Plaza the signature increases slightly (with K and Mg as well), which may indicate a 
hotspot of activity. There is a stark contrast moving into the North Plaza, where concentrations of 
P and Sr are negligible. This suggests that the South Plaza, like the midden, was an activity area 
of where food preparation and consumption were carried out, possibly associated with domestic 
activities or ritual feasting. The complete lack of these elements in the North Plaza suggests that 
these activities did not occur there. Conversely, it may also allude to the efficient cleaning and 
preparation of the North Plaza surface for public and/or ritual activity. Nevertheless, this still 
points to a clear difference in activities between the north and south ends of the plaza.  
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Figure 5.12: Kriging Image Map of P Distribution 
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Figure 5.13: Kriging Image Map of Sr Distribution 
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Figure 5.14: Kriging Image Map of K Distribution 
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Figure 5.15: Kriging Image Map of Mg Distribution 
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The distributions of K and Mg also demonstrate high concentrations in the midden and 
South Plaza. These elements are often associated with wood fires, and taken together with the high 
concentrations of P and Sr in the South Plaza and midden supports the interpretation of food 
preparation (cooking) and consumption in those areas. However, in the case of K and Mg, there is 
less clearly a continuation from the midden to the South Plaza; instead, the relatively higher 
concentration in Cores 15, 17, and 18 in the South Plaza suggests the possibility of isolated activity 
in this area. Notably, the kriging interpolation demonstrates areas of elevated concentrations of K 
and Mg in the North Plaza and marsh. This could suggest natural burning events caused by 
lightning strikes or other phenomena. Conversely, elevated levels of these elements in the North 
Plaza can also be the result of fires associated with ceremonies taking place on or near Mound H, 
but almost certainly not associated with activities that involve other organic substances, such as 
food remains, due to the distinct lack of P and Sr.  
 In sum, the soil chemistry results indicate a stark difference in how the South Plaza and 
North Plaza were utilized. The South Plaza, much like the midden, demonstrates higher 
concentrations of the major anthropogenic elements, namely P, Sr, K, and Mg, than what is 
observed in the North Plaza. Cores 15, 17, and 18 in particular are considerably higher than most 
other samples excluding the midden for these elements, suggesting this area may represent a 
hotspot of activity. On the other hand, the North Plaza appears to be depleted of most 
anthropogenic elements. Higher elemental concentrations in the South Plaza may indicate this area 
was used for preparing and consuming food, while the lack of these elements (and apparent 
depletion of phosphorus) could suggest the North Plaza was utilized for other purposes which 
required the ground to be free of any organic refuse. Interestingly, a high concentration of Mg and 
K in front of Mound H may point to activities which involved fire. While this may or may not be 
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indicative of the North Plaza serving as a sacred space reserved for ceremonies, rituals, or other 
public events, at the very least, the lack of organic residues demonstrates that this area was 
important enough to require constant cleaning and/or preparation.  
Of course, it is possible that the contrast between the northern and southern sections of the 
sample area can be explained by other factors, including geomorphological differences, sampling 
strategy, and differences in land use history. However, as mentioned previously, there is no 
evidence, nor any records in existence, of the plaza having been modified nor developed for any 
purpose since the abandonment of Crystal River more than 1300 years ago. In the following 
sections, I describe the microartifact results as well as the geophysical survey to determine if the 
differences in the soil chemistry are due to geomorphological variances and whether or not they 
complement the results of the soil chemistry analysis.  
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Chapter 6: Results of Micro-artifact Analysis 
 
A total of 24 samples were utilized for microartifact analysis, each sample consisting of 
one stratum from a specific core. This total reflects samples from 18 cores owing to the fact that 
five cores had multiple strata analyzed (Core 15: Strata 2, 3, and 4; Core 16: Strata 1 and 2; Core 
17: Strata 1 and 2; Core 18: Strata 1 and 2; Core 48: Strata 1 and 2). For the statistical analysis, for 
the cores with multiple samples, I include only the strata with the highest microartifact densities 
(raw data for each stratum can be found in Appendix). Although data for Fraction 1 will be reported 
here and discussed in the following section, comparative analysis is focused on Fractions 2 and 3 
since these consist of true micro-artifacts in the sense that magnification was required to properly 
identify them. Micro-artifacts for each fraction were sorted into material classes, and each class 
counted and weighed (to the nearest .01 g). No simplification or approximation techniques to 
measure abundance were utilized; micro-artifacts from each fraction were counted and weighed 
by artifact class to ensure accuracy.  
Seven material classes were recovered from the core samples: bone, shell, stone, charcoal, 
plant/seeds, ceramics, and concretions (concreted clumps of shell and soil). However, the stone, 
plant/seed, and concretion material classes are not further considered here, for various reasons. All 
stone recovered from the samples consisted of non-anthropogenic pieces of limestone or quartz 
grain, which are sediments common to the region; no flaked stone microdebitage was recovered. 
Material belonging to the plant/seed class was excluded because these mostly consisted of pieces 
of roots, bark, and other plant material which are modern additions (with one exception, Core 48, 
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which contained both burnt and unburnt seeds). Finally, the concretion class was also excluded 
due to its non-anthropogenic nature. Nevertheless, raw data for all material classes are displayed 
in Appendix.  
Table 6.1 displays artifact counts and weights for Fraction 1. As mentioned in the previous 
section, due to the friable nature of these materials, as well as differences in sample volume, these 
measures do not permit direct comparisons between samples. Therefore, microartifact density was 
calculated by dividing the weight (g) for each material class by the total sample volume in cubic 
centimeters (cm3) for standardization. Microartifact density for Fraction 1 is displayed in Table 
6.2. Summary statistics for Fraction 1 are displayed in Table 6.3. Graphical representations of 
density for Fraction 1 are displayed in Figures 6.1-6.3. Microartifact densities for Fraction 1 
representing bone and shell are displayed in Figures 6.4 and 6.5 with graduated symbols classed 
using a natural breaks algorithm. 
Results from Fraction 1 indicate, unsurprisingly, that Core 11 (midden) demonstrates the 
highest microartifact density for both bone and shell in this size grade. This is followed by the 
South Plaza Cores 15 and 17, which demonstrate even higher shell density than Core 8, the other 
midden core tested. The densities of shell in these cores suggests that the possibility that the 
materials in the South Plaza may be a continuation of the midden. However, the same cannot be 
said for the densities of bone, where the higher concentrations in Cores 15 and 18 are separated 
from the midden by the reduced densities in Cores 16 and 17, indicating the possibility that the 
South Plaza represents a discrete activity area. The North Plaza cores are almost completely devoid 
of any micro-artifacts in this size grade. The only exception is Core 28 which contained two shell 
pieces. Norman (2014) previously noted shell in this core and suggested that it may represent run- 
off from the nearby burial mounds. Although Core 48 (in the marsh) ranked highest in microartifact 
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Table 6.1: Fraction 1 Micro-artifact Count and Weight 
 
 
 
Table 6.2: Fraction 1 Micro-artifact Densities 
 
 
Core Stratum Bone N Shell N Charcoal N Ceramic N Total N Bone g Shell g Charcoal g Ceramic g Total g
8 3 1 21 0 0 22 .13 4.79 0 0 4.92
11 4 3 47 0 0 50 1.66 16.27 0 0 17.93
14 1 0 0 0 0 0 0 0 0 0 0
15 2 2 83 0 0 85 .90 34.85 0 0 35.75
16 2 0 7 0 0 7 0 2.23 0 0 2.23
17 1 0 37 0 0 37 0 15.04 0 0 15.04
18 1 1 47 0 0 48 .52 12.22 0 0 12.74
19 3 0 0 0 0 0 0 0 0 0 0
23 1 1 0 0 0 1 0 0 0 0 0
24 1 0 0 0 0 0 0 0 0 0 0
25 2 0 0 0 0 0 0 0 0 0 0
26 3 0 0 0 0 0 0 0 0 0 0
28 3 0 2 0 0 2 0 .60 0 0 0.60
29 4 0 0 0 0 0 0 0 0 0 0
46 3 0 0 0 0 0 0 0 0 0 0
48 1 23 103 0 0 126 2.36 8.72 0 0 11.08
53 1 0 0 0 0 0 0 0 0 0 0
55 2 0 0 0 0 0 0 0 0 0 0
Fraction 1 (>4.75 mm)
Core Stratum Sample Volume cm3 Bone g/cm3 Shell g/cm3 Charcoal g/cm3 Ceramic g/cm3
8 3 110 .0012 .0435 .0000 .0000
11 4 75 .0221 .2169 .0000 .0000
14 1 165 .0000 .0000 .0000 .0000
15 2 215 .0042 .1621 .0000 .0000
16 2 20 .0000 .1115 .0000 .0000
17 1 115 .0000 .1308 .0000 .0000
18 1 185 .0028 .0661 .0000 .0000
19 3 70 .0000 .0000 .0000 .0000
23 1 115 .0000 .0000 .0000 .0000
24 1 55 .0000 .0000 .0000 .0000
25 2 90 .0000 .0000 .0000 .0000
26 3 135 .0000 .0000 .0000 .0000
28 3 35 .0000 .0171 .0000 .0000
29 4 50 .0000 .0000 .0000 .0000
46 3 25 .0000 .0000 .0000 .0000
48 1 490 .0048 .0178 .0000 .0000
53 1 70 .0000 .0000 .0000 .0000
55 2 70 .0000 .0000 .0000 .0000
Fraction 1 (>4.75 mm)
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Table 6.3: Summary Statistics for Fraction 1 
 
 
 
 
 
 
Figure 6.1: Fraction 1 Bone Density (g/cm3) by Core 
 
 
Range Minimum Maximum Mean
Std. 
Deviation Variance
Bone N 23 0 23 1.72 5.38 28.92
Shell N 103 0 103 19.28 31.71 1005.27
Bone g 2.36 0 2.36 .31 .67 0.45
Shell g 34.85 0 34.85 5.26 9.27 85.92
Bone g/cm3 .0221 0 .0221 .0020 .0053 0
Shell g/cm3 .2169 0 .2169 .0425 .0674 .0045
Material 
Class
Note 1: No Charcoal or Ceramics were recovered from Fraction 1
Note 2: Variances reported as 0 are below the 1/10,000 threshold
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Figure 6.2: Fraction 1 Shell Density (g/cm3) by Core 
 
 
 
 
Figure 6.3: Fraction 1 Total Micro-artifact Density (g/cm3) by Core 
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Figure 6.4: Fraction 1 Bone Density Map 
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Figure 6.5: Fraction 1 Shell Density Map 
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count, the density of micro-artifacts is similar to that of the South Plaza samples (in the case of 
bone), and perhaps Core 8 of the midden. Nevertheless, the presence of micro-artifacts in a marsh 
sample was unexpected, and of the four marsh cores tested, it is the only one which contained any 
micro-artifacts in the Fraction 1 size grade.  
Table 6.4 displays artifact counts and weights for Fraction 2. Microartifact density for 
Fraction 2 is displayed in Table 6.5. Summary statistics for Fraction 2 are displayed in Table 6.6. 
Graphical representations of density for Fraction 2 are displayed in Figures 6.6 - 6.9. Microartifact 
densities for Fraction 2 representing bone, shell, and charcoal are displayed in Figures 6.10 – 6.12 
with graduated symbols classed using a natural breaks algorithm. 
Results from Fraction 2 indicate Core 11 exhibits the highest density for both bone and 
shell; however, ceramics were only recovered from Core 8, which also exhibits the highest density 
of charcoal. In terms of bone density from Fraction 2, Core 48 and most of the South Plaza samples 
contain more bone than seen in the Core 8 midden sample. On the other hand, Cores 8 and 48 are 
similar in terms of shell density. Shell density in the South Plaza for this fraction is practically on 
the same level as that found in the midden, with Cores 17, 15, and 18 exhibiting the highest 
densities found anywhere in the plaza. Interestingly, Core 15 demonstrates a higher bone density 
than Core 17 and 19, two samples which lie closer to the mound and midden, respectively. Further, 
Core 15 also contained a higher density of shell than both Cores 16 and 18, which are once again 
closer to the mound and midden.  
The densities of micro-artifacts from Fraction 2 indicate a stark contrast once again 
between the North Plaza and South Plaza areas. Cores 11 and 48 notwithstanding, the highest 
concentrations of bone are seen in the South Plaza, while the north end is practically bone barren, 
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Table 6.4: Fraction 2 Micro-artifact Count and Weight 
 
 
 
Table 6.5: Fraction 2 Micro-artifact Densities 
 
 
Core Stratum Bone N Shell N Charcoal N Ceramic N Total N Bone g Shell g Charcoal g Ceramic g Total g
8 3 5 178 23 4 210 .06 3.91 .17 .06 4.20
11 4 130 251 7 0 388 1.65 3.84 .03 0 5.52
14 1 12 5 20 0 37 .05 .01 .02 0 0.08
15 2 62 429 4 0 495 .80 7.49 .03 0 8.32
16 2 0 52 4 0 56 0 .47 .02 0 0.49
17 1 20 270 2 0 292 .34 4.62 0 0 4.96
18 1 78 266 5 0 349 1.44 4.5 0 0 5.94
19 3 19 0 3 0 22 .14 0 .01 0 0.15
23 1 0 0 4 0 4 0 0 .05 0 0.05
24 1 0 2 0 0 2 0 0 0 0 0
25 2 1 0 0 0 1 0 0 0 0 0
26 3 5 0 0 0 5 .01 0 0 0 0.01
28 3 0 27 1 0 28 0 .46 0 0 0.46
29 4 0 0 0 0 0 0 0 0 0 0
46 3 0 0 0 0 0 0 0 0 0 0
48 1 403 1404 49 0 1856 3.91 13.86 .23 0 18.00
53 1 0 0 0 0 0 0 0 0 0 0
55 2 0 2 0 0 2 0 0 0 0 0
Fraction 2 (2.00 - 4.75mm)
Core Stratum Sample Volume cm3 Bone g/cm3 Shell g/cm3 Charcoal g/cm3 Ceramic g/cm3
8 3 110 .0005 .0355 .0015 .0005
11 4 75 .0220 .0512 .0004 .0000
14 1 165 .0003 .0001 .0001 .0000
15 2 215 .0037 .0348 .0001 .0000
16 2 20 .0000 .0235 .0010 .0000
17 1 115 .0030 .0402 .0000 .0000
18 1 185 .0078 .0243 .0000 .0000
19 3 70 .0020 .0000 .0001 .0000
23 1 115 .0000 .0000 .0004 .0000
24 1 55 .0000 .0000 .0000 .0000
25 2 90 .0000 .0000 .0000 .0000
26 3 135 .0001 .0000 .0000 .0000
28 3 35 .0000 .0131 .0000 .0000
29 4 50 .0000 .0000 .0000 .0000
46 3 25 .0000 .0000 .0000 .0000
48 1 490 .0080 .0283 .0005 .0000
53 1 70 .0000 .0000 .0000 .0000
55 2 70 .0000 .0000 .0000 .0000
Fraction 2 (2.00 - 4.75 mm)
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Table 6.6: Summary Statistics for Fraction 2 
 
 
 
 
 
Figure 6.6: Fraction 2 Bone Density (g/cm3) by Core 
Material 
Class Range Minimum Maximum Mean
Std. 
Deviation Variance
Bone N 403 0 403 40.83 97.07 9422.38
Shell N 1404 0 1404 160.33 337.32 113784.82
Charcoal N 49 0 49 6.78 12.46 155.24
Ceramic N 4 0 4 .22 .94 .89
Bone g 3.91 0 3.91 .47 1.00 1.00
Shell g 13.86 0 13.86 2.18 3.72 13.83
Charcoal g .23 0 .23 .03 .06 .004
Ceramic g .06 0 .06 .003 .01 .0002
Bone g/cm3 .0220 0 .0220 .0026 .0055 0
Shell g/cm3 .0512 0 .0512 .0139 .0177 .0003
Charcoal 
g/cm3
.0015 0 .0015 .0002 .0004 0
Ceramic 
g/cm3
.0005 0 .0005 .0000 .0001 0
Note : Variances reported as 0 are below the 1/10,000 threshold
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Figure 6.7: Fraction 2 Shell Density (g/cm3) by Core 
      
 
 
 
Figure 6.8: Fraction 2 Charcoal Density (g/cm3) by Core 
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Figure 6.9: Fraction 2 Total Micro-artifact Density (g/cm3) by Core                
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Figure 6.10: Fraction 2 Bone Density Map 
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Figure 6.11: Fraction 2 Shell Density Map 
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Figure 6.12: Fraction 2 Charcoal Density Map 
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save for an insignificant amount recovered from Core 25 (n=1) and Core 26 (n=5). Shell is also 
absent from most of the “North Plaza;” the only exception is Core 28, but this again may represent 
material displaced from the adjacent burial mound complex. Core 23 in the North Plaza contains 
neither bone nor shell, but did produce several pieces of charcoal (n=4). Indeed, this core exhibits 
the fourth highest charcoal density, on par with Cores 11 (midden) and 48 (marsh). Located 
directly in front of Mound H, Core 23’s high charcoal density and lack of organic material may 
suggest this was a location of fires not associated with cooking. It is possible they were utilized 
for lighting, heating, or even ceremonies on the mound. 
In terms of total microartifact density, Fraction 2 generally resembles Fraction 1, albeit 
with some notable differences. In this case, the density of Core 48 has increased, and contains a 
similar total density of micro-artifacts to the South Plaza cores. The total microartifact density in 
Core 8 also increased with respect to the other samples, and is comparable to the densities observed 
in the South Plaza. The South Plaza samples also demonstrate higher microartifact densities in 
most respects compared to the North Plaza, which for the most part, continues to remain 
completely free of micro-artifacts, save for a small amount in Cores 23, 26, and 28.  
 The trend for total microartifact density in Fraction 3 remains similar to that seen in 
Fraction 2. The three highest densities are seen in Core 11 in the midden, followed by Core 48 in 
the marsh, and finally Core 8 in the midden, which is a small change from Fraction 2. For all three 
fractions, Core 48 appears to have more in common with the midden samples (Core 8 and 11), 
than with the other three marsh samples (Cores 46, 53, and 55) which were analyzed as controls. 
The contrast between the north and south ends of the plaza also remains largely the same, with the 
South Plaza containing much more anthropogenic material than the north. However, the relatively 
high density of shell in Core 28 contributes to its higher overall microartifact density, thus 
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distinguishing it from the other North Plaza samples. Interestingly, the relatively high density of 
charcoal observed in Fraction 2 for Core 23 is not repeated in Fraction 3; whatever burning took 
place in this area did not result in finer pieces of charcoal.  
The bone densities for Cores 11 and 48 are almost identical to in this size grade, while Core 
8 contains less bone than most of the South Plaza samples. An interesting pattern emerges once 
more with Core 18 containing a higher density of bone than any other sample from the South Plaza, 
even those closer to the mounds and midden. Core 15 contains a similar density of bone to Core 
17, and more than Core 19 near the midden. In terms of shell density, Core 8 more closely 
resembles that of Core 11 and 48, being higher than samples from both the north and south ends 
of the plaza. The highest density of shell in the South Plaza samples comes from Core 17, while 
the highest density of shell in the North Plaza was observed in Core 28. The only other sample 
which contained shell in the North Plaza was Core 25, and it was a negligible amount.  
Although it appears that for this fraction the density of shell is generally decreasing as one 
moves away from the South Plaza mounds and midden, Core 18 demonstrates a lower shell density 
than Core 15, which lies further out near the center of the South Plaza. Charcoal count and density 
for the midden was highest in Core 8 in the previous fraction, and here the trend is reversed, with 
Core 11 seeing a higher density of charcoal and ceramics. Despite Core 8 containing more ceramic 
pieces, they were much smaller and more degraded than those recovered from Core 11, resulting 
in a smaller density by mass. This may indicate that the vicinity of Core 8 saw more foot traffic 
and trampling than the area of Core 11 during prehistoric times, crushing the micro-artifacts into 
smaller pieces. This is especially problematic for ceramics, since they are more likely to degrade 
and break down into their constituent parts the more they are trampled. 
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Table 6.7 displays artifact count and weight for Fraction 3. Microartifact density for 
Fraction 3 is displayed in Table 6.8. Summary statistics are displayed in Table 6.9. Graphical 
representations for Fraction 3 densities are displayed in Figures 6.13–6.16. Microartifact densities 
for Fraction 3 representing bone, shell, and charcoal are displayed in Figures 6.17–6.19 with 
graduated symbols classed using a natural breaks algorithm.  
 
 
Table 6.7: Fraction 3 Micro-artifact Count and Weight 
 
 
 
  
Core Stratum Bone N Shell N Charcoal N Ceramics N Total N Bone g Shell g Charcoal g Ceramics g Total g
8 3 76 835 123 27 1061 .25 1.94 .13 .02 2.34
11 4 327 1465 133 2 1927 .70 2.08 .15 .04 2.97
14 1 12 5 20 0 37 .05 .01 .02 0 0.08
15 2 431 1185 34 0 1650 .82 2.00 .02 0 2.84
16 2 12 219 6 0 237 .01 .28 0 0 0.29
17 1 237 993 26 0 1256 .45 1.86 .06 0 2.37
18 1 542 757 87 2 1388 1.35 1.58 .13 0 3.06
19 3 117 8 26 0 151 .22 0 .01 0 0.23
23 1 1 0 7 0 8 0 0 0 0 0
24 1 0 0 2 0 2 0 0 0 0 0
25 2 0 9 2 0 11 0 .03 0 0 0.03
26 3 9 2 1 0 12 .01 0 0 0 0.01
28 3 2 153 4 0 159 0 .35 0 0 0.35
29 4 2 2 3 0 7 0 0 0 0 0
46 3 0 0 7 0 7 0 0 0 0 0
48 1 2645 5803 204 0 8652 4.87 9.65 .23 0 14.75
53 1 9 0 3 0 12 0 0 0 0 0
55 2 0 0 0 0 0 0 0 0 0 0
Fraction 3 (1.00 - 2.00 mm)
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Table. 6.8: Fraction 3 Micro-artifact Densities 
 
 
 
Table 6.9: Summary Statistics for Fraction 3 
 
 
 
Core Stratum Sample Volume cm3 Bone g/cm3 Shell g/cm3 Charcoal g/cm3 Ceramic g/cm3
8 3 110 .0023 .0176 .0012 .0002
11 4 75 .0093 .0277 .0020 .0005
14 1 165 .0003 .0001 .0001 .0000
15 2 215 .0038 .0093 .0001 .0000
16 2 20 .0005 .0140 .0000 .0000
17 1 115 .0039 .0162 .0005 .0000
18 1 185 .0073 .0085 .0007 .0000
19 3 70 .0031 .0000 .0001 .0000
23 1 115 .0000 .0000 .0000 .0000
24 1 55 .0000 .0000 .0000 .0000
25 2 90 .0000 .0003 .0000 .0000
26 3 135 .0001 .0000 .0000 .0000
28 3 35 .0000 .0100 .0000 .0000
29 4 50 .0000 .0000 .0000 .0000
46 3 25 .0000 .0000 .0000 .0000
48 1 490 .0099 .0197 .0005 .0000
53 1 70 .0000 .0000 .0000 .0000
55 2 70 .0000 .0000 .0000 .0000
Note: Ceramic Density for Core 18 is below the 1/10,000 threshold
Fraction 3 (1.00 - 2.00 mm)
Range Minimum Maximum Mean
Std. 
Deviation Variance
Bone N 2645 0 2645 245.67 621.77 386602.00
Shell N 5803 0 5803 635.33 1378.14 1899262.24
Charcoal N 204 0 204 38.22 58.81 3458.30
Ceramics N 27 0 27 1.72 6.34 40.21
Bone g 4.87 0 4.87 .49 1.16 1.34
Shell g 9.65 0 9.65 1.10 2.30 5.27
Charcoal g .23 0 .23 .04 .07 .005
Ceramics g .04 0 .04 .003 .01 .0001
Bone g/cm3 .0099 0 .0099 .0023 .0034 0
Shell g/cm3 .0277 0 .0277 .0069 .0089 .0001
Charcoal 
g/cm3
.0020 0 .0020 .0003 .0005 0
Ceramic 
g/cm3
.0005 0 .0005 .0000 .0001 0
Material 
Class
Note: Variances reported as 0 are below the 1/10,000 threshold
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Figure 6.13: Fraction 3 Bone Density (g/cm3) by Core 
 
 
   
Figure 6.14: Fraction 3 Shell Density (g/cm3) by Core 
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Figure 6.15: Fraction 3 Charcoal Density (g/cm3) by Core 
 
 
 
Figure 6.16: Fraction 3 Total Micro-artifact Density (g/cm3 by Core) 
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Figure 6.17: Fraction 3 Bone Density Map 
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Figure 6.18: Fraction 3 Shell Density Map 
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Figure 6.19: Fraction 3 Charcoal Density Map 
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Utilizing the results from Fraction 3, as well as the selected samples from the various soil 
chemistry statistical analyses, a Pearson’s r correlation was calculated to determine whether or not 
the presence of micro-artifacts is associated with specific anthropogenic elements. The elements 
usually associated with food preparation and production (Na, Mg, K, Ca, Mn, Fe, Ba, P, Sr, Zn, 
and Ti) were chosen, in addition to bone, shell, charcoal, and ceramic density data for each 
individual sample (see Appendix). For this test, positive correlations are considered significant at 
the .05 level (p=.05), while strong positive correlations are significant at the .01 level (p=.01). The 
results of this test are presented in Table 6.10. For the most part, Ca, Mn, Ba, P, Sr, Zn, and Ti are 
positively correlated with every material class at the .01 level. The presence of K is positively 
correlated only with charcoal, which is to be expected since it is an indicator of burning. The 
presence of Fe is only positively correlated with bone and shell, while Na and Mg demonstrate no 
positive correlations. Each material class is also positively correlated with all the others, so that 
bone is positively correlated with shell, charcoal, ceramics, and so on.  
In sum, there are five main conclusions to be drawn from the results of the microartifact 
analysis. First, shell and bone are the most common materials observed in my samples, as measured 
by count and weight. However, the high ranges and standard deviations indicate that activities 
were not homogenous across the sample area, and thus were concentrated at specific loci. This 
supports the results from the soil chemistry analysis as well. Second, the microartifact densities in 
the South Plaza are consistently much higher than that of the North Plaza, which may suggest this 
was an activity area associated with food preparation, production, or other domestic activities 
where keeping the surface free of organic material was not considered necessary. The density data 
suggest that this is not simply runoff from the mounds or continuation from the midden, since 
Cores 15 and 18 often exhibit higher bone and shell densities than samples closest to these 
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Table 6.10: Pearson’s r Correlations between Anthropogenic Elements and Fraction 3 
Material Class Densities (positive correlations in bold) 
 
Bone 
g/cm3
Shell 
g/cm3
Charcoal 
g/cm3
Ceramic 
g/cm3
Pearson 
Correlation
-.047 -.092 .053 .087
Sig. (2-
tailed)
.853 .715 .834 .733
Pearson 
Correlation
.312 .235 .120 -.093
Sig. (2-
tailed)
.208 .348 .636 .714
Pearson 
Correlation
.171 .349 .478* .314
Sig. (2-
tailed)
.498 .156 .045 .204
Pearson 
Correlation
.836** .893 .862** .682**
Sig. (2-
tailed)
.000 .000 .000 .002
Pearson 
Correlation
.749** .887** .897** .690**
Sig. (2-
tailed)
.000 .000 .000 .002
Pearson 
Correlation
.525* .472* .315 .001
Sig. (2-
tailed)
.025 .048 .203 .997
Pearson 
Correlation
.683** .845** .895** .679**
Sig. (2-
tailed)
.002 .000 .000 .002
Pearson 
Correlation
.861** .887** .864** .637**
Sig. (2-
tailed)
.000 .000 .000 .004
Pearson 
Correlation
.863** .892** .864** .673**
Sig. (2-
tailed)
.000 .000 .000 .002
Pearson 
Correlation
.836** .778** .748** .497*
Sig. (2-
tailed)
.000 .000 .000 .036
Pearson 
Correlation
.839** .884** .871** .678**
Sig. (2-
tailed)
.000 .000 .000 .002
Pearson 
Correlation
1 .757** .723** .506*
Sig. (2-
tailed)
.000 .001 .032
Pearson 
Correlation
.757** 1 .802** .666**
Sig. (2-
tailed)
.000 .000 .003
Pearson 
Correlation
.757** .802** 1 .902**
Sig. (2-
tailed)
.001 .000 .000
Pearson 
Correlation
.506* .666** .902** 1
Sig. (2- .032 .003 .000
*Correlation significaant at the .05 level (2-tailed)
**Correlation significant at the .01 level (2-tailed)
Ti
Bone g/cm3
Shell g/cm3
Charcoal 
g/cm3
Ceramic 
g/cm3
Correlations
Na
Mg
K
Ca
Mn
Fe
Ba
P
Sr
Zn
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structures. Third, the North Plaza appears to be practically devoid of micro-artifacts, which could 
suggest that this area functioned as a true prehistoric plaza in the archaeological sense, where the 
surface was kept clean and free of most organic material for use in ceremonies or even secular 
public life. If food preparation or production occurred in the North Plaza at all, then the people of 
Crystal River made sure to clean it up so well that not even the smallest remains were left behind 
in the soil, however unlikely that may seem. Nevertheless, the concentration of charcoal in 
recovered from Core 23, Fraction 2 (directly in front of Mound H) indicates there was in fact some 
activities in this area associated with the use of fire, which is also corroborated by relatively high 
concentrations of K and Mg from this same sample. Fourth, the presence of most of the major 
anthropogenic elements (Ca, Mn, Ba, P, Sr, Zn, and Ti) are positively correlated with every 
microartifact material class, confirming that the presence of this anthropogenic refuse material is 
responsible for the heterogeneous distribution of these elemental concentrations across the site. 
Lastly, Core 48 in the marsh has more in common compositionally with the midden cores than 
with the other marsh samples, suggesting that they are in some way related and confirming 
Norman’s (2014) assertion. 
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Chapter 7: Results of Geophysical Survey 
 
Results of the ground-penetrating radar survey are presented below. Figure 7.1 displays the 
location of the GPR and magnetic survey grids interpolated onto a map of the soil core sample 
locations for reference. Plaza Grid 1 is located in the South Plaza situated directly over Core 15, 
while both Plaza Grids 2 and 3 are located in the North Plaza. GPR slices display a vertical 
representation of the 20-x-20 meter grid subsurface, and are limited to the top six slices which 
reaches down to the limestone substrate. Each slice represents six nanoseconds, which equals 
roughly 114 cmbs in total. Profiles have been annotated where clear distinctions between soil 
horizons are known to exist based on Norman’s (2014) soil core descriptions, as well as where 
possible anomalies appear to have been detected.  
The GPR results from Plaza Grid 1 are presented in Figures 7.2 and 7.3. Plaza Grid 1 is 
located roughly in the center of the South Plaza, which is a low-lying, marshy area which is 
covered by standing water throughout much of the rainy season in Florida (June – October). During 
the GPR survey, the southwestern portion of the grid was slightly inundated, causing the high 
reflections seen in Figure 7.2, believed to be interference from the water on the surface. Only one 
small anomaly, located about 12 meters east and 4 meters north of the SW corner and 
approximately 19–36 cmbs (second slice) was detected during this survey, although it does not 
persist any deeper. An annotated profile of the 25th transect was created in an attempt to catch this 
anomaly, and is displayed in Figure 7.3. 
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Figure 7.1: GPR and Magnetic Survey Grids Interpolated onto Site Map 
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Figure 7.2: Plaza Grid 1 GPR Slices 
 
 
 
Figure 7.3: GPR Profile of Plaza Grid 1 (b&w), 25th Transect 
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The radar clearly detected the AE soil horizon (which was analyzed for soil chemistry and 
micro-artifacts), and also a possible feature 13-14 m north  and about 12 m east of the SW corner, 
approximately 20–30 cm in depth. However, this does not correspond to the small anomaly seen 
in Figure 7.2, which does not show up clearly in the profile. The large swath of light reflections 
seen in the last two slices extending from the northwest to southeast corners may be caused by 
groundwater.  
 The GPR results from Plaza Grid 2 are presented in Figures 7.4 and 7.5. Plaza Grid 2 is 
located in the lower portion of the North Plaza, in the vicinity of Core 29. This area is slightly 
higher in elevation than the South Plaza, although it is still prone to occasional flooding during the 
wet season. While the area of the South Plaza is populated by cattails and other marsh plants, the 
area within Plaza Grid 2 is only populated by sedges which are regularly cut and maintained by 
state park staff. Several large trees are also interspersed through the area, one of which (reduced 
to a stump) was detected by the radar near the surface in the north-west corner (Figure 7.4, first 
two slices).  
A very small, persistent anomaly was also detected located about 10 meters east and 14 
meters north of the SW corner, beginning 19–38 cmbs and continuing down to the limestone 
substrate, although it does not show up clearly in profile. However, a profile of the 14th transect 
suggests the presence of possible features roughly 40 cmbs and indicated by fairly distinct 
parabolas which have been annotated in Figure 7.5. This feature was also detected during the 
magnetic survey, and will be discussed in more detail in the following section. 
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Figure 7.4: Plaza Grid 2 GPR Slices 
 
 
 
Figure 7.5: GPR Profile of Plaza Grid 2 (b&w), 14th Transect 
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The GPR results from Plaza Grid 3 are presented in Figures 7.6 and 7.7. Plaza Grid 3 is 
located in the upper portion of the North Plaza, in the vicinity of Core 24. This area is slightly 
higher in elevation than Plaza Grid 2, although it is also prone to occasional flooding during the 
wet-season. The area of Plaza Grid 3 is also similar to that of the previous grid, populated by 
sedges which are regularly cut and maintained by state park staff and interspersed with several 
 
 
 
 
 
Figure 7.6: Plaza Grid 3 GPR Slices 
 
125 
 
 
 
Figure 7.7: GPR profile of Plaza Grid 3, 30th transect 
 
 
large trees. One such tree was located in the southeastern portion of the grid; its reflections can be 
seen in the second slice about 15 meters east and 1 meter north. Neither the slices, nor the profile 
reveal any anomalies of interest. This area is fairly level and composed of thin strata leading down 
to the limestone substrate, located roughly 80 cmbs. The largest and most significant strata has 
been identified and annotated based on Norman’s (2014) soil core descriptions.  
 
Magnetic Survey 
 Magnetic survey was performed on the same grids as the ground-penetrating radar survey, 
and their locations are displayed in Figure 7.1. Below, results for each plaza grid are first presented 
in their original form with only de-striping and interpolation to clarify the image. They are then 
presented with the same functions as above, along with clipping between one and two standard 
deviations for further clarification. These figures will also have any anomalies which may be 
present annotated and numbered for identification. Results of the magnetic survey conducted on 
Plaza Grid 1 detected an anomaly in the northwest corner with a strong magnetic gradation 
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(Figures 7.8 and 7.9); the rest of the grid is relatively magnetically quiet. The anomaly has a 
magnetic reading in the positive range of about 80–100 nT and is surrounded by a hazy, white 
halo, indicating a magnetic reading in the negative range of roughly -20 nT. The anomaly is 
relatively large and roughly circular. Its location is near Core 15, where a great abundance and 
high density of micro-artifacts (many of which showed signs of burning) were recovered. 
However, today, the location of the anomaly is covered by large sedges and often inundated with  
 
 
 
 
 
Figure 7.8: Plaza Grid 1 Magnetic Survey Results (De-striped and Interpolated) 
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Figure 7.9: Plaza Grid 1 Magnetic Survey Results with Annotations (Clipped between 1 and 2 
Standard Deviations) 
 
 
water thus drawing any conclusions between this reading and any obvious surface features is 
difficult. Further, the GPR survey did not detect any anomalies which would definitively 
correspond to this magnetic anomaly.  
However, the large range between the inner black circle and its surrounding white halo 
could suggest that this area contains burnt soil, which often creates a significant contrast between 
positive and negative readings. This explanation could also account for the large number of burnt 
micro-artifacts recovered from Core 15 and other surrounding core samples in the South Plaza. On 
the other hand, similar readings can also result from buried iron objects, such as rebar or fence 
posts. Although possible, this explanation is unlikely since today this area is largely a marsh for 
most of the year where no construction or even previous archaeological investigations have taken 
place. It is also likely that the GPR survey would have picked up a reading from the hypothetical 
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iron object if it was present in the soil. Nevertheless, it will be impossible to know for sure until 
excavations are conducted over it to ground-truth these results.  
The nT range for Plaza Grid 2 was significantly “quieter” than in Plaza Grid 1; however, 
the instrument was still able to detect several anomalies of interest (Figures 7.10 and 7.11). 
Although only one of these anomalies is clearly visible with minimal manipulation (Figure 7.10), 
once clipped between 1 and 2 standard deviations they become much clearer. Magnetic Anomaly 
2 (Figure 7.11) appears to be a small, black, round feature in the positive range of 1–3 nT. Unlike 
Magnetic Anomaly 1 (Figure 7.9), this possible feature has no surrounding halo. This may suggest 
that this anomaly represents a prehistoric pit feature, while not necessarily containing burnt soil. 
On the other hand, Magnetic Anomaly 3 (Figure 7.11) appears to be similar to Magnetic Anomaly 
1, albeit smaller in size and magnetic gradient. It also consists of a small, black, circular feature 
indicating a magnetic reading in the positive range of 10–12 nT, surrounded by a while halo 
 
 
 
 
Figure 7.10: Plaza Grid 2 Magnetic Survey Results (De-striped and Interpolated) 
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Figure 7.11: Plaza Grid 2 Magnetic Survey Results with Annotations (Clipped between 1 and 2 
Standard Deviations) 
 
 
in the negative of roughly -4 nT. Such a small range practically excludes any explanation of a 
buried iron object, and may indicate the presence of burnt soil. 
 Results for the magnetic survey on Plaza Grid 3 (Figures 7.12 and 7.13) do not appear to 
show much activity. In fact, it is the most magnetically “quiet” grid surveyed, with a max nT 1.01 
and a min nT of -.84. There were no clear anomalies detected for this grid, and it is not until the 
data is clipped at 1 – 2 standard deviations that anything of note can be seen. However, there are 
some linear readings which do appear, as well as what appears to be an arc in the upper right-hand 
corner of the grid (Magnetic Anomaly 4, Figure 7.13). Although I do annotate this as a possible 
arc feature for the purposes of discussion, I refrain from concluding that this may be a true 
magnetic anomaly since there is not much of a difference in gradient across the grid. The lack of 
magnetic gradient in this plaza grid could suggest that this area was not utilized for fires or burning 
of any kind associates with food preparation and production, which supports the results from the 
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Figure 7.12: Plaza Grid 3 Magnetic Survey Results (De-striped and Interpolated) 
 
 
 
 
Figure 7.13: Plaza Grid 3 Magnetic Survey Results with Annotations (Clipped between 1 and 2 
Standard Deviations) 
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soil chemistry and microartifact analysis. Unfortunately, this grid does not extend to Core 23, 
where a high density of charcoal was observed in Fraction 2 of the microartifact analysis. 
Therefore, the survey may have missed any possible anomalies and features associated with it. 
 In short, the GPR profiles confirm that both the North and South Plaza areas are very 
similar in terms of geomorphology, with both ends being composed of thin layers of poorly drained 
sandy soils resting not much more than 1.0–1.5 m above the limestone substrate. However, the 
South Plaza is generally lower in elevation, which has resulted in a higher water table. The high 
water table in Plaza Grid 1 of the South Plaza confounded the GPR data to an extent, making it 
difficult to detect any subsurface anomalies. Still, an anomaly which may correspond to a possible 
feature was detected in the 25th transect profile (see Figure 7.3). The profile for the 14th transect in 
Plaza Grid 2 also detected an anomaly (see Figure 7.5), although nothing shows up clearly in the 
slices. The GPR data for Plaza Grid 3 did not turn up anything of note. On the other hand, the 
magnetic survey seems to have been more successful than the GPR. While most of Plaza Grid 1 
was magnetically “quiet,” a major isolated anomaly was detected which corresponds to the 
microartifact and soil chemistry data. Several pit-like anomalies were detected in Plaza Grid 2, 
while an arc-like feature was detected in Plaza Grid 3. These results are interesting, in that there is 
not much in the way of micro-artifacts or anthropogenic elemental concentrations to correspond 
with these findings in the North Plaza, further complicating efforts to discern the true purpose of 
this section of the plaza.  
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Chapter 8: Discussion 
  
In the previous three chapters, I examined the results of the microartifact analysis, soil 
chemistry data, and geophysical surveys individually in order to obtain some preliminary insight 
from their distributions. The aim of this research project was to delineate distinct activity areas 
within the plaza, as well as reconstruct specific activities and behaviors which may have occurred 
within that space. Therefore, I expected to observe clear distinctions between activity loci 
characterized by elevated chemical concentrations and artifact densities in contrast to areas with 
little to no activity marked by artifact and chemical concentrations more closely resembling those 
of the control samples from the surrounding environment. Below, I integrate the various lines of 
evidence to examine the relationships between them, while also drawing on ethnohistoric data and 
other archaeological examples to support the subsequent interpretation. 
As mentioned in Chapter 5, the results of the soil chemistry analysis indicated that the 
Midden and South Plaza samples contained elevated concentrations (compared to those from the 
North Plaza and Marsh) of the major anthropogenic elements associated with food preparation and 
consumption (Ba, Ca, K, Mn, P, and Sr). This was to be expected for the midden, which is the 
location of organic refuse. The South Plaza contains no obvious midden at the surface, but the 
presence of anthropogenic elements in such elevated concentrations suggests this was an area of 
food preparation and/or consumption. In particular, the highest concentrations of P and Sr, outside 
of the Midden samples and Core 48, occur in Cores 15, 17, and 18, which are all located in in the 
South Plaza. This interpretation is supported by the density of micro-artifacts recovered from those 
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very same cores, which are consistently higher in every fraction and artifact class than those 
recovered from the North Plaza and Marsh control samples. Further, evidence of burning was 
observed on many of the bone and shell micro-artifacts recovered from this area. Taken together 
with the strong magnetic circular anomaly found in the South Plaza, (which may represent a lens 
of burnt soil from a fire pit), the evidence for food preparation and consumption activities in this 
area is substantial.  
 The data also indicate that the elevated levels of anthropogenic elements and increased 
densities of micro-artifacts are not simply a product of erosional run-off from the surrounding 
midden and mounds. If this were the case, I would expect to see higher concentrations of P and Sr, 
as well as higher microartifact densities, from samples recovered nearest Mounds J and K and the 
midden and gradually decreasing outward towards the center of the plaza. However, the highest 
concentrations of P and Sr from the South Plaza were recovered from Cores 18 (P ppm = 302;  Sr 
ppm = 3) and Core 15 (P ppm = 245; Sr ppm = 2), which lie farther out from the mounds than 
Cores 16 (P ppm = 71; Sr ppm = 1) and Core 17 (P ppm = 241; Sr ppm = 2). Similarly, a higher 
density of bone micro-artifacts was recovered from Fraction 2 in Core 18 (g/cm3 = .0078) and Core 
15 (g/cm3 = .0037) than from Core 16 (g/cm3 = .0000) and Core 17 (g/cm3=  .003). There was also 
a higher density of shell micro-artifacts recovered from Core 15 (g/cm3= .0348) than from Core 
16 (g/cm3 = .0235) or Core 19 (g/cm3 = .0000) near the midden, but a bit less than Core 17 (g/cm3 
=.0402).  
The bone density in Fraction 3 follows a similar trend, with Core 18 containing a 
significantly higher density of bone (g/cm3 = .0073) than Core 16 (g/cm3 = .0005) and Core 17 
(g/cm3 = .0039), while Core 15 (g/cm3 = .0038) near the center of the South Plaza contains a 
comparable density to that of Core 17, and a slightly higher density than Core 19 (g/cm3 = .0031). 
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These data strongly suggest the presence of a distinct activity area associated with food preparation 
and consumption located in the vicinity of Cores 15, 17, and 18, and possibly extending back 
towards Mounds J and K. Further, the fact that many of the major anthropogenic elements are 
positively correlated with all the microartifact material classes supports this assertion. These 
remains could represent gradual deposition from quotidian subsistence, or they could be associated 
with feasting ceremonies that were tied to mound building events during the winter months, as 
described by Thompson et al. (2015). However, further seasonality studies focused on plaza 
samples would need to be undertaken in order to explore this possibility.  
A comparable archaeological example of plaza studies is provided by Wells (2004), who 
analyzed the plaza floor at the prehispanic site of El Coyote, Honduras. His analysis revealed that 
the highest P concentrations were located in the southeastern quadrant of the plaza. Together with 
data on the distribution of ceramic bowls, grinding tools, and other food processing implements, 
it was clear that this area in the plaza was a locus of activities related to the preparation and 
consumption of food and possibly beverages. He also found that the chemical signatures of the 
nearby midden matched those of the plaza, suggesting that the “midden may contain the remains 
of activities which were carried out in the plaza” (Wells 2004:79). Another archaeological 
analogue is provided by the site of La Laguna, a Late Formative Period (c. 600 B.C. to A.D. 100) 
site located in northern Tlaxcala, Mexico, containing not one but two plazas. Carballo et al. (2014) 
found that the eastern plaza was the location of food consumption activities associated with 
community festivals and rituals. The highest levels of phosphates, and carbonate residues were 
found in an area just north of a structure situated at the south end of the plaza. 
Feasting ceremonies, food preparation, and food consumption in public spaces like plazas 
is also well documented in ethnohistoric accounts and other archaeological projects in the 
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Southeast and elsewhere throughout the world. An example of this is provided by  the sixteenth-
century account of French explorer Rene Laudonniere concerning a meeting between his 
countrymen and the native people of Florida: 
They took the Frenchmen to the place where the feast would be held. There they 
saw women working in every way to make the area clean and neat. This place was 
in the form of a large circle of earth with an open prospect. The next morning all 
those who were to take part in the celebration were painted and plumed in many 
different colors, and went from the king’s house to the place of Toya…Everyone 
carried a small drum in his hand. Then they began to enter the middle of the circle, 
dancing and singing doleful tones, followed by others who answered them 
(Laudonniere 2001:40).  
 
Not only does this passage describe the feasts that were held in public, open spaces where guests 
were received, but also describes how these spaces were cleaned before, and presumably after, 
ceremonies and feasts. Of course, Laudonniere’s account recalls an event which took place long 
after Crystal River had been abandoned. Nevertheless, the results of this research supports the 
assumption that plazas and open spaces in earlier Woodland- and possibly even Archaic-period 
plaza-mound sites were utilized in much the same way.  
As in these examples, my research demonstrates that the south end of the plaza at Crystal 
River may have been used for activities associated with food preparation, and could also perhaps 
be related to feasting events. However, archaeological and ethnohistoric evidence indicates that 
plazas were not only the location for communal feasting activities, but served a variety of 
functions. One possible activity which may have occurred within the Crystal River plaza is tool 
production, particularly the crafting of bone, shell, and stone implements given that these were 
commonly interred in the adjacent burial mounds and perhaps used in ceremonies that took place 
on the summits of adjacent platform mounds.  In a study investigating microartifact distribution 
on Poverty Point’s Mound C, Ortmann and Schmidt (2016) found that although there was evidence 
for cultural activities on the mound summit, there was no trace of micro-artifacts associated with 
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chipped stone tool production. However, they did recover these materials in abundance throughout 
the plaza, as well as the earthen ridges, which functioned as habitation areas (Ortmann and Schmidt 
2016:33).  
The authors concede that perhaps this was a result of meticulous cleaning of the mound 
summits; nevertheless, plazas are meticulously cleaned as well, yet evidence of tool manufacture 
remains. Tool production in public space could imply some form of control over the manufacture 
of goods, since this action can be monitored easily by community leaders out in the open. In this 
scenario, negotiations of power are manifested between those who produce and those who monitor 
production (Low 1995, 2000). Further, this production could represent a response to the demand 
for socially valued goods which are used in ritual contexts on a community-wide level, as described 
by Spielmann (2002). Of course, it is possible for tool manufacture to be observed in the 
archaeological record via micro-artifacts; there is usually an abundance of one particular material 
class, mixed with very little else. However, despite the fact that evidence for tool production exists 
in abundance throughout the plaza at Poverty Point (Ortmann and Schmidt 2016), not one sample 
tested from the Crystal River plaza demonstrated clear signs of tool manufacture. Although Core 
16 contained mostly shell with very little bone, there were plenty of burnt shell pieces, in addition 
to the presence of charcoal, which suggests this shell was the byproduct of cooking activities which 
occurred in the South Plaza. Core 28 also contained shell with very little bone and charcoal, but 
this is likely the result of its close proximity to the burial mounds which are composed of shell, 
sand, and other materials.  
Analysis of the South Plaza samples suggests that tool production did not occur in this area 
of the plaza, and may have been a domestic activity which occurred in the private areas of homes, 
as observed at the later Dallas-phase Mississippian house floors at Wickliffe Mounds Homsey-
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Messer and Humkey (2016). That would mean if periodic economic intensification for ritual goods 
(other than food products) was occurring at Crystal River, it almost certainly took the form of 
surplus household production. However, it is possible that the sampling method utilized for this 
research simply did not find the particular activity area associated with production within the plaza. 
Further coring or test excavations may in fact recover evidence for these activities. Therefore, 
while surplus household production of ritual goods may be a likely scenario, more work is needed 
to fully support that assertion. 
Results from the North Plaza clearly demonstrate that this area stands in complete 
opposition in terms of function and utilization to the South Plaza. The North Plaza samples tested 
yielded very little microartifact remains, and in many cases the phosphorus levels from this area 
were below the detection limits of the ICP-MS instrument. This equipment is highly sensitive, and 
its inability to detect phosphorus in the North Plaza samples indicates this area was subject to 
phosphate depletion. This can happen in several ways, and may indicate that the area was 
extensively and meticulously cleaned before and after food preparation and consumption events 
(Holliday and Gartner 2007). On the other hand, it may also suggest that practices involving 
organic materials, such as cooking and eating, did not occur in this space. Nevertheless, the lack 
of micro-artifacts together with negligible levels of anthropogenic elements indicates that the latter 
explanation is closer to the truth. Interestingly, elevated levels of magnesium (indicative of wood 
fires) associated with a high charcoal density was observed in Core 23, which sits directly in front 
of Mound H. The lack of other organic residues, however, suggests these fires may not have been 
associated with food production. Instead, these residues may be the result of fires associated with 
heating, lighting, and possibly even rituals taking place atop the mound. 
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The North Plaza’s lack of microartifact remains, phosphate depletion, and proximity to the 
platform Mound H could suggest this area may have been a space associated with community 
rituals or ceremonies that did not involve food. From the top of Mound H, a ritual performer can 
easily observe the entirety of the plaza, and conversely, can be observed by all who are standing 
in it. In this sense, Mound H could be considered a sort of “theatrical space” that could have been 
utilized for political and ritual performances, as described by Inomata and Coben (2006). At the 
site of La Laguna, Carballo (2012) found that the rituals that took place within open plazas 
involved the scattering of greenstone around altars, as well as the caching of religious effigy 
vessels. Although he also found it difficult to decipher which members of the community would 
have participated in these events, “their physical setting within open spaces facilitating mutual 
visibility are suggestive of more participatory and collective rituals…” (Carballo 2012:346). 
However, he found that full community participation and access to events on top of Structure 12L-
1 (the structure primarily associated with the plaza and analogous to Mound H) was implausible, 
and may have underscored more divisive, hierarchical dimensions of public ritual. Much like at 
La Laguna, collective plaza rituals and more divisive mound rituals could have been undertaken 
in succession or simultaneously at Crystal River, both providing the framework for community 
identity and social hierarchy (Carballo 2012). 
Written records of Native American ceremonies and ritual performances taking place 
within plazas exist from the time of the Contact Period. An account by Father Juan Rogel written 
between the years 1607 and 1611 describes a meeting with the Calusa in which he was witness to 
one of their ritual performances: 
And they [the Calusa] even attempted to climb up to our fort to hold a procession 
with their masks, coming from the little hill, where they had their houses, to the hill 
on which our fort was located. Between these hills there was a little valley where 
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they were accustomed to promenade in view of the people with the ceremony and 
abuses alluded to (Hann 1991: 288). 
 
Presumably, the “little hills” mentioned in the above passage refer to mounds constructed by the 
native people, and from the mounds they led a mask-idol procession into the “little valley”, which 
may in fact be a plaza. Interestingly, this event was originally perceived by Father Rogel to be a 
move designed to force the Spaniards to accept their gods. In reality, this may have been a standard 
greeting procession to any visitors, although it is impossible to know their true intentions now. 
However, what is important to note here is that the mounds and plaza functioned in conjunction 
during ritual displays and performances, and this certainly helps to explain the positioning of 
Mound H and its ramp with respect to the orientation of the plaza, which suggests that this was the 
principle mound associated with plaza ceremonies and events. 
 Nevertheless, the location of the burial mounds on the east side of the plaza may suggest 
that this space also served a vital function during mortuary ceremonies. Based on descriptions from 
the De Soto expeditions, Hudson (1976) describes how Mississippian plazas served this purpose: 
The mounds frequently faced a large, open plaza which served as a playing field, a 
ceremonial area, and a village commons…Around the boundaries of Mississippian 
plazas were additional mounds, public buildings, and houses. Priests sometimes 
stood on the mounds to address crowds of people who assembled on important 
occasions, as for example, to deliver a eulogy on the occasion of re-interring the 
bones of a dead person (Hudson 1976:78). 
 
Since Crystal River was initially begun as a ceremonial center which was only occupied seasonally 
and associated with mortuary rites and burial events, this may have been an important function of 
the plaza. However, evidence suggests that the plaza was fully constructed sometime during Phase 
2, along with Mound H (Pluckhahn et al. 2015), which suggests that mortuary ceremonies may not 
have been its only purpose. In fact, ethnohistoric accounts also describe plazas as the location for 
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the reception of foreign emissaries. Hudson’s (1976) summary of De Soto’s entrance into the town 
of Tascalusa demonstrates how these interactions may have occurred: 
In early October they entered into the territory of Tascalusa, an Indian leader more 
imposing than any De Soto had previously encountered. Entering the town of 
Atahachi, they found Tascalusa seated on cushions on a kind of balcony atop a 
mound on one side of the plaza. He wore a kind of coif or turban, which signified 
his authority, and a handsome feather cape that reached all the way down to his 
feet….When De Soto walked up to meet Tascalusa, he remained seated “as if he 
had been a king. After a while a number of Indians came into the plaza to dance” 
(Hudson 1976:112). 
 
If this had been the case at Crystal River, Mound H would have been situated perfectly for such 
interactions, sitting well above the level plaza surface and its ramp providing a causeway for easy 
access in or out of the plaza.  
 The central issue in discerning the function of the North Plaza is the apparent lack of 
evidence for any of the above mentioned activities. Neither the microartifact results nor the 
chemical residue signature provide much information on the types of activities that occurred within 
that space. However, that may be a result of not testing enough samples or some other flaw in the 
methodology. It is entirely possible that this is a genuine circumstance where the absence of 
evidence is not evidence of absence. After all, a plaza of this size and scope would not be 
constructed unless it was going to be used. As several researchers have pointed out (Homsey-
Messer and Humkey 2016; Sherwood et al. 1995), the distribution of micro-artifacts can help 
delineate public and private areas. Although public areas are often devoid of macroartifacts due to 
cleaning, intense or frequent activity often remains behind as micro-artifacts. This is true of the 
South Plaza, where both microartifact and soil chemical residues remain trapped in the soil matrix. 
This could suggest that the South Plaza was a public area, where community activities such as 
feasting occurred, while the North Plaza may have acted as a private, or sacred space, utilized only 
by certain individuals or groups, or perhaps certain ceremonies which do not appear to have 
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involved the processing and consumption of organic material (Figure 8.1). The geophysical 
surveys carried out in the North Plaza, however, indicate that there may be features to be excavated 
there, which may provide more data on the true purpose of this space.  
 Having reconstructed the activities which occurred within the plaza to some extent, I now 
turn my attention to the question of whether the North and South Plaza functioned together as a 
whole, or whether the North Plaza represents the actual plaza while the southern end represents 
something else entirely. The evidence recovered from this project suggests that these both these 
spaces served completely different functions. Before completing this research, only the northern 
end of the sample area was actually considered the plaza due to its shallow stratigraphy, leveled 
surface, position in relation to the surrounding mounds, and the results of the resistance survey 
which determined there was no shell midden throughout (Pluckhahn et al. 2010). However, that 
does not necessarily mean that this end served as a true plaza, while the other did not. On the 
contrary, the current archaeological understanding of plaza spaces, as mentioned in the 
introductory chapter, describe plazas as spaces utilized for cultural expression, economic 
exchanges, as well as various other interactions between community members. In this sense, the 
South Plaza provides vastly more evidence for community interaction and economic activities than 
does the North Plaza. It is also an open space bounded by the mounds, with no separation between 
it and the North Plaza. Further, it is possible that the remains in the South Plaza are directly 
associated with the activities which occurred in the North Plaza, since feasting may have occurred 
in conjunction with ritual, ceremonial, or mound construction events. Although it appears that the 
two ends of the plaza served two entirely different functions and thus must represent two different 
spaces, Crystal River would not be the first site whose plaza demonstrates two entirely different 
uses of space. Although there has not been enough soil chemical residue studies in southeastern 
142 
 
 
Figure 8.1: Aztec community conducting a ceremony at a small plaza in Cholula, June 2016. 
Photograph by author. 
 
 
Woodland Period plazas to compare against the results of this research, examples from 
Mesoamerican plaza studies can still provide insight. As I mentioned above, Wells’ (2004) study 
of chemical residues on the plaza at El Coyote revealed a similar distribution as that observed at 
Crystal River, whereby the highest concentrations of phosphates and potassium where recovered 
from the southeastern section of the plaza, while the northern end was largely devoid of significant 
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P concentrations. Excavation within that plaza indicated that the space was mainly utilized for 
ritual activities, in which feasting ceremonies played a large role (Wells 2004). Wells and Terry 
(2007) investigations into the main ceremonial plaza at Palmarejo, Honduras, found that activities 
were differentiated between the north and south portions of the plaza space according to the 
distribution of chemical concentrations, just like at Crystal River. In both these examples, the plaza 
was utilized as a whole for ritual and ceremonial contexts, despite the fact that the north and south 
ends were utilized for different purposes, which speaks to the versatile nature of these spaces. 
In sum, the evidence is clear that the North and South Plaza were utilized differently; 
however, it is possible they both functioned as a whole to facilitate community interactions. In the 
same way that Low’s (2000) study of Central American plazas revealed that the social production 
of space created certain areas within the plaza that became, in a sense, “reserved” for different 
activities (merchants in one area, teenagers chasing girls in another, etc.), Crystal River’s plaza 
also demonstrates that public space can be utilized for several purposes simultaneously which all 
serve the needs of the community. While the South Plaza yielded evidence for domestic activities 
like food preparation and consumption, these activities may have been associated with ritual 
feasting and connected to ceremonies which occurred in the North Plaza. On the other hand, the 
North Plaza appears to have been meticulously cleaned due to a stark absence of organic debris 
and significant anthropogenic chemical residues. Nevertheless, despite the differences observed in 
both ends of the plaza, the results are consistent with ethnohistoric examples, as well as 
archaeological studies on plazas elsewhere that demonstrate how ancient plazas were not limited 
to just one function. In my view, the entirety of the open space sitting between the mounds, 
comprising both the North and South Plaza, constituted the actual plaza at Crystal River, which 
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served the community as a multi-purpose space that was integrated into the landscape, daily lives, 
and lived experiences of the people who utilized it.  
 
Conclusion 
I began this research project with the goal of understanding the function of the plaza at 
Crystal River by reconstructing the activities that would have been performed in that space during 
prehistoric times. Using various integrated, minimally invasive techniques, I was able to determine 
that the southern and northern ends of the plaza likely served two different purposes. The data 
suggest the presence of a distinct activity area near the center of the South Plaza, where the density 
and composition of micro-artifacts, chemical concentrations in the soil, and the existence of a 
magnetic anomaly suggest this was an area utilized for food preparation and consumption 
activities. On the other hand, evidence in the form of micro-artifacts from the North Plaza is 
lacking, and the signatures of some important anthropogenic chemical residues like phosphorus 
are depleted. Therefore, the function of the North Plaza and the exact nature of activities which 
occurred there is still unclear. Circumstantial evidence, such as this area’s relationship to Mound 
H and the burial mounds, as well as archaeological and ethnohistorical analogues from other 
regions, suggest it may have played an integral role with events which took place on top of Mound 
H.  
However, it is clear that this space was utilized, as evidenced by the anomalies detected 
during the geophysical survey, as well as the concentration of charcoal and magnesium from the 
sample directly in front of Mound H. It is possible this area was subject to intense or frequent 
cleaning episodes, which may have relocated or destroyed any anthropogenic remains that may 
have been left behind. Although there is still much work to be done in order to fully understand 
the role of the plaza at Crystal River and other Woodland period sites, this research provides an 
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excellent starting point for future investigations. At the very least, it has proven that the prehistoric 
plazas found throughout the Southeast are much more than just “empty space,” but rather they 
served as multi-purpose spaces similar to how plazas are utilized today. 
 
Limitations, Future Work, and Applications 
There were several limitations to this project. First, Crystal River is preserved as a state 
park, and therefore intensive excavations are difficult to justify.  Thus, I was not able to “ground-
truth” any of the geophysical survey results, nor excavate in areas of high microartifact and soil 
chemical concentration. I was also restricted by the costliness of performing ICP-MS analysis, and 
with more funds it would have been possible to analyze multiple strata from every sample in order 
to observe changes in activity patterns diachronically.  
 Nevertheless, these small set-backs provide great opportunities for future research. It is 
now known where the location of geophysical anomalies are located within the plaza. These are 
prime locations for intensive excavations, and can potentially further our understanding of plaza 
function. Similarly, the locations of microartifact and phosphorus “hot spots” should also be 
excavated. Soil chemical analysis can also be performed on the strata that were not able to be 
tested. More coring in the plaza can also be undertaken in order to determine if there were any 
areas of tool production that may have been over looked in the initial surveys. 
This research successfully employed a novel approach of utilizing integrated, minimally 
invasive geoarchaeological methods to investigate a space which was devoid of traditional 
archaeological remains. Therefore, it can serve as a model for all future plaza research where 
intensive excavations are not possible. Further, it allowed for the partial reconstruction of activities 
which occurred in the plaza, and this information can be used to create displays, activities, and 
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signage for state park visitors. Finally, the results of this research can be used to compare and 
contrast against other Southeastern sites, increasing our understanding of the commonalities and 
differences between other regional plaza-mound sites. 
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Appendix 
 
Sample Weight and Volume Table 
 
 
 
 
 
 
 
 
 
Sample # Core # Location Section Stratum Horizon Munsell Type Weight Volume
525 8 Midden 1 3 E 10yr 5/1 115.38 g 110 mL
526 11 Midden 1 4 2A 10yr 2/1 96.01 g 75 mL
539 14 S. Plaza 1 1 A 10yr 2/1 148.61 g 165 mL
900 15 S. Plaza 1 2 AE 10yr 3/1 254.54 g 215 mL
901 15 S. Plaza 1 3 AE 10yr 3/1 mott. with 10yr 5/1 208.51 g 175 mL
902 15 S. Plaza 1 4 E 10 yr 6/2 260.84 g 225 mL
907 16 S. Plaza 1 1 A 10yr 2/1 mott. with 10yr 7/3 76.05 g 70 mL
908 16 S. Plaza 1 2 A2 10yr 2/1 23.44 g 20 mL
877 17 S. Plaza 1 1 A 10yr 2/1 129.67 g 115 mL
917 17 S. Plaza 1 2 AE 10yr 4/1 110.96 g 95 mL
919 18 S. Plaza 1 1 A 10yr 2/1 218.09 g 185 mL
920 18 S. Plaza 1 2 AE 10yr 3/1 306.22 g 245 mL
929 19 S. Plaza 1 3 2Ab 10yr 2/1 74.18 g 70 mL
518 23 N. Plaza 1 1 A 10yr 2/1 108.34 g 115 mL
950 24 N. Plaza 1 2 AE 10yr 4/1 61.40 g 55 mL
956 25 N. Plaza 1 2 A2 10yr 2/1 85.59 g 90 mL
957 26 N. Plaza 1 3 2Ab 10yr 2/1 112.33 g 135 mL
963 28 N. Plaza 1 3 E 10yr 4/1 49.37 g 35 mL
972 29 N. Plaza 1 4 2Ab 10yr 2/1 50.36 g 50 mL
1136 46 Marsh 1 3 E 10yr 6/2 27.79 g 25 mL
1152 48 Marsh 1 1 A 10yr 2/1 432.11 g 490 mL
1153 48 Marsh 1 2 AE 10 yr 3/1 44.52 g 45 mL
1162 53 Marsh 1 1 A 10yr 2/1 43.25 g 70 mL
1172 55 Marsh 1 2 A 10yr 2/1 with 7.5yr 8/0 white lens 77.95 g 70 mL
Sample Weight and Volume
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Soil Chemistry Results (ppm) 
 
  
 
Fraction 1 Micro-artifact Results, All Strata 
 
Sample Core Stratum Easting Northing Na Mg K Ca Mn Fe Ba P Sr Zn Ti
525 8 3 1019.87 799.45 29.91 15.11 3.87 905.45 2.01 4.42 0.30 453.44 3.41 0.70 1.57
526 11 4 1020.10 819.89 26.27 8.58 1.95 1089.81 1.78 3.13 0.26 492.25 4.23 0.57 1.70
539 14 1 1060.00 900.01 15.42 6.09 1.38 36.15 0.02 2.59 0.02 5.95 0.23 0.17 0.03
900 15 2 1040.00 899.83 23.32 11.12 1.55 668.00 0.56 4.41 0.11 245.19 2.38 0.18 0.56
908 16 2 1019.86 900.11 15.20 8.90 1.51 202.61 0.30 3.83 0.05 70.71 0.81 0.16 0.18
877 17 1 1020.10 879.78 18.33 19.43 2.29 395.55 1.00 11.40 0.20 240.98 1.92 0.24 0.60
919 18 1 1040.04 880.04 24.05 12.13 1.89 610.12 0.80 5.88 0.14 302.31 2.65 0.41 0.73
929 19 3 1059.97 859.72 13.92 9.04 1.03 70.23 0.19 6.26 0.04 29.23 0.39 0.28 0.09
518 23 1 1140.30 1020.06 52.96 17.73 2.01 53.58 0.01 1.30 0.01 0.00 0.35 0.06 0.01
950 24 2 1139.84 1000.06 14.00 6.10 0.60 29.93 0.02 0.84 0.01 0.00 0.19 0.04 0.01
956 25 2 1119.91 999.94 19.67 8.66 1.69 63.83 0.02 0.58 0.01 0.00 0.26 0.04 0.01
957 26 3 1119.71 1019.91 50.15 16.43 1.89 66.16 0.04 3.24 0.02 0.00 0.32 0.05 0.01
963 28 3 1120.20 960.00 14.23 5.65 0.55 179.89 0.10 1.44 0.02 3.81 0.52 0.04 0.02
972 29 4 1099.94 960.18 16.10 7.55 1.15 37.51 0.02 2.14 0.02 0.63 0.24 0.06 0.01
1136 46 3 1082.11 859.07 24.48 11.22 1.38 51.49 0.05 3.11 0.02 0.00 0.31 0.07 0.02
1152 48 1 988.79 797.93 23.54 20.44 1.54 785.52 1.25 5.48 0.12 419.07 3.13 0.84 1.56
1162 53 1 1188.15 968.81 36.64 17.72 2.77 42.53 0.01 1.62 0.01 0.00 0.41 0.06 0.01
1172 55 2 1190.69 1008.98 14.18 7.85 1.03 24.82 0.00 0.48 0.01 0.00 0.24 0.04 0.01
Core Stratum Bone N Shell N Charcoal N Ceramics N Bone g Shell g Charcoal g Ceramics g Total N Total g
8 3 1 21 0 0 0.13 4.79 0 0 22 4.92
11 4 3 47 0 0 1.66 16.27 0 0 50 17.93
14 1 0 0 0 0 0 0 0 0 0 0
15 2 2 83 0 0 0.9 34.85 0 0 85 35.75
15 3 0 13 0 0 0 3.23 0 0 13 3.23
15 4 0 2 0 0 0 0.05 0 0 2 .05
16 1 0 0 0 0 0 0 0 0 0 0
16 2 0 7 0 0 0 2.23 0 0 7 2.23
17 1 0 37 0 0 0 15.04 0 0 37 15.04
17 2 0 0 0 0 0 0 0 0 0 0
18 1 1 47 0 0 0.52 12.22 0 0 48 12.74
18 2 2 2 0 0 0.24 0.53 0 0 4 .77
19 3 0 0 0 0 0 0 0 0 0 0
23 1 1 0 0 0 <.01 0 0 0 1 0
24 1 0 0 0 0 0 0 0 0 0 0
25 2 0 0 0 0 0 0 0 0 0 0
26 3 0 0 0 0 0 0 0 0 0 0
28 3 0 2 0 0 0 0.6 0 0 2 .60
29 4 0 0 0 0 0 0 0 0 0 0
46 3 0 0 0 0 0 0 0 0 0 0
48 1 23 103 0 0 2.36 8.72 0 0 126 11.08
48 2 0 66 0 0 0 7.01 0 0 66 7.01
53 1 0 0 0 0 0 0 0 0 0 0
55 2 0 0 0 0 0 0 0 0 0 0
Fraction 1 (>4.75 mm) Results
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Fraction 1 Micro-artifact Densities, All Strata 
 
 
 
Fraction 2 Micro-artifact Results, All Strata 
 
 
Core Stratum Bone Density g/cm3 Shell Density g/cm3 Charcoal g/cm3 Ceramics Density g/cm3
8 3 .0012 .0435 .0000 .0000
11 4 .0221 .2169 .0000 .0000
14 1 .0000 .0000 .0000 .0000
15 2 .0042 .1621 .0000 .0000
15 3 .0000 .0185 .0000 .0000
15 4 .0000 .0002 .0000 .0000
16 1 .0000 .0000 .0000 .0000
16 2 .0000 .1115 .0000 .0000
17 1 .0000 .1308 .0000 .0000
17 2 .0000 .0000 .0000 .0000
18 1 .0028 .0661 .0000 .0000
18 2 .0010 .0022 .0000 .0000
19 3 .0000 .0000 .0000 .0000
23 1 .0000 .0000 .0000 .0000
24 1 .0000 .0000 .0000 .0000
25 2 .0000 .0000 .0000 .0000
26 3 .0000 .0000 .0000 .0000
28 3 .0000 .0171 .0000 .0000
29 4 .0000 .0000 .0000 .0000
46 3 .0000 .0000 .0000 .0000
48 1 .0048 .0178 .0000 .0000
48 2 .0000 .1558 .0000 .0000
53 1 .0000 .0000 .0000 .0000
55 2 .0000 .0000 .0000 .0000
Fraction 1 (>4.75 mm) Densities
Core Stratum Bone N Shell N Charcoal N Ceramics N Bone g Shell g Charcoal g Ceramics g Total N Total g
8 3 5 178 23 4 .06 3.91 .17 0.06 210 4.2
11 4 130 251 7 0 1.65 3.84 .03 0 388 5.52
14 1 12 5 20 0 .05 .01 .02 0 37 .08
15 2 62 429 4 0 .80 7.49 .03 0 495 8.32
15 3 18 51 2 0 .23 1.1 .01 0 71 1.34
15 4 0 4 0 0 0 .03 0 0 4 .03
16 1 5 10 1 0 .05 .09 0 0 16 .14
16 2 0 52 4 0 0 .47 .02 0 56 .49
17 1 20 270 2 0 .34 4.62 0 0 292 4.96
17 2 1 2 1 0 .02 0 0 0 4 .02
18 1 78 266 5 0 1.44 4.5 0 0 349 5.94
18 2 21 2 5 0 .31 .06 .03 0 28 .40
19 3 19 0 3 0 .14 0 .01 0 22 .15
23 1 0 0 4 0 0 0 .05 0 4 .05
24 1 0 2 0 0 0 0 0 0 2 0
25 2 1 0 0 0 0 0 0 0 1 0
26 3 5 0 0 0 .01 0 0 0 5 .01
28 3 0 27 1 0 0 .46 0 0 28 .46
29 4 0 0 0 0 0 0 0 0 0 0
46 3 0 0 0 0 0 0 0 0 0 0
48 1 403 1404 49 0 3.91 13.86 .23 0 1856 18
48 2 9 269 0 0 .06 3.69 0 0 278 3.75
53 1 0 0 0 0 0 0 0 0 0 0
55 2 0 2 0 0 0 0 0 0 2 0
Fraction 2 (2.00 - 4.75 mm) Results
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Fraction 2 Micro-artifact Densities, All Strata 
 
 
Fraction 3 Micro-artifact Results, All Strata 
 
 
Core Stratum Bone Density /cm3 Shell Density /cm3 Charcoal /cm3 Ceramics Density /cm3
8 3 .0005 .0355 .0015 .0005
11 4 .0220 .0512 .0004 .0000
14 1 .0003 .0001 .0001 .0000
15 2 .0037 .0348 .0001 .0000
15 3 .0013 .0063 .0001 .0000
15 4 .0000 .0001 .0000 .0000
16 1 .0007 .0013 .0000 .0000
16 2 .0000 .0235 .0010 .0000
17 1 .0030 .0402 .0000 .0000
17 2 .0002 .0000 .0000 .0000
18 1 .0078 .0243 .0000 .0000
18 2 .0013 .0002 .0001 .0000
19 3 .0020 .0000 .0001 .0000
23 1 .0000 .0000 .0004 .0000
24 1 .0000 .0000 .0000 .0000
25 2 .0000 .0000 .0000 .0000
26 3 .0001 .0000 .0000 .0000
28 3 .0000 .0131 .0000 .0000
29 4 .0000 .0000 .0000 .0000
46 3 .0000 .0000 .0000 .0000
48 1 .0080 .0283 .0005 .0000
48 2 .0013 .0820 .0000 .0000
53 1 .0000 .0000 .0000 .0000
55 2 .0000 .0000 .0000 .0000
Fraction 2 (2.00 - 4.75 mm)
Core Stratum Bone N Shell N Charcoal N Ceramics N Bone g Shell g Charcoal g Ceramics g Total N Total g
8 3 76 835 123 27 0.25 1.94 0.13 0.02 1061 2.34
11 4 327 1465 133 2 0.7 2.08 0.15 0.04 1927 2.97
14 1 12 5 20 0 0.05 0.01 0.02 0 37 0.08
15 2 431 1185 34 0 0.82 2 0.02 0 1650 2.84
15 3 128 136 12 0 0.3 0.36 0.01 0 276 0.67
15 4 13 7 0 0 0.02 0.01 0 0 20 0.03
16 1 109 3 6 0 0.19 0 0.01 0 118 0.2
16 2 12 219 6 0 0.01 0.28 0 0 237 0.29
17 1 237 993 26 0 0.45 1.86 0.06 0 1256 2.37
17 2 37 4 14 0 0.06 0 0 0 55 0.06
18 1 542 757 87 2 1.35 1.58 0.13 0 1388 3.06
18 2 159 6 31 0 0.33 0.01 0.03 0 196 0.37
19 3 117 8 26 0 0.22 0 0.01 0 151 0.23
23 1 1 0 7 0 0 0 0 0 8 0
24 1 0 0 2 0 0 0 0 0 2 0
25 2 0 9 2 0 0 0.03 0 0 11 0.03
26 3 9 2 1 0 0.01 0 0 0 12 0.01
28 3 2 153 4 0 0 0.35 0 0 159 0.35
29 4 2 2 3 0 0 0 0 0 7 0
46 3 0 0 7 0 0 0 0 0 7 0
48 1 2645 5803 204 0 4.87 9.65 0.23 0 8652 14.75
48 2 153 916 41 0 0.18 1.54 0.06 0 1110 1.78
53 1 9 0 3 0 0 0 0 0 12 0
55 2 0 0 0 0 0 0 0 0 0 0
Fraction 3 (1.00 - 2.00 mm) Results
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Fraction 3 Micro-artifact Densities, All Strata 
 
 
  
Core Stratum Bone Density g/cm3 Shell Density g/cm3 Charcoal g/cm3 Ceramics Density g/cm3
8 3 .0023 .0176 .0012 .0002
11 4 .0093 .0277 .0020 .0005
14 1 .0003 .0001 .0001 .0000
15 2 .0038 .0093 .0001 .0000
15 3 .0017 .0021 .0001 .0000
15 4 .0001 .0000 .0000 .0000
16 1 .0027 .0000 .0001 .0000
16 2 .0005 .0140 .0000 .0000
17 1 .0039 .0162 .0005 .0000
17 2 .0006 .0000 .0000 .0000
18 1 .0073 .0085 .0007 .0000
18 2 .0013 .0000 .0001 .0000
19 3 .0031 .0000 .0001 .0000
23 1 .0000 .0000 .0000 .0000
24 1 .0000 .0000 .0000 .0000
25 2 .0000 .0003 .0000 .0000
26 3 .0001 .0000 .0000 .0000
28 3 .0000 .0100 .0000 .0000
29 4 .0000 .0000 .0000 .0000
46 3 .0000 .0000 .0000 .0000
48 1 .0099 .0197 .0005 .0000
48 2 .0040 .0342 .0013 .0000
53 1 .0000 .0000 .0000 .0000
55 2 .0000 .0000 .0000 .0000
Fraction 3 (1.00 - 2.00 mm) Densities
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Bonferroni Post-Hoc Test on Soil Chemistry Data 
 
 
Lower 
Bound
Upper 
Bound
South 
Plaza
.64 .25 .14 -.13 1.42
North 
Plaza
1.17
* .25 .00 .41 1.96
Marsh 1.38
* .29 .00 .49 2.28
Midden -.64 .25 .14 -1.42 .13
North 
Plaza
.54 .21 .12 -.09 1.18
Marsh .74 .25 .06 -.03 1.52
Midden -1.19 .25 .00 -1.96 -.41
South 
Plaza
-.54 .21 .12 -1.18 .09
Marsh .20 .25 1.00 -.58 .97
Midden -1.38 .29 .00 -2.28 -.49
South 
Plaza
-.74 .25 .06 -1.52 .03
North 
Plaza
-.20 .25 1.00 -.97 .58
South 
Plaza
.79 .36 .29 -.33 1.90
North 
Plaza
1.85
* .36 .00 .73 2.96
Marsh 2.11
* .42 .00 .82 3.39
Midden -.79 .36 .29 -1.90 .33
North 
Plaza
1.06
* .30 .02 .15 1.97
Marsh 1.32
* .36 .02 .21 2.43
Midden -1.85 .36 .00 -2.96 -.73
South 
Plaza
-1.06 .30 .02 -1.97 -.15
Marsh .26 .36 1.00 -.85 1.37
Midden -2.11 .42 .00 -3.39 -.82
South 
Plaza
-1.32 .36 .02 -2.43 -.21
North 
Plaza
-.26 .36 1.00 -1.37 .85
South 
Plaza
-.08 .19 1.00 -.66 .49
North 
Plaza
.49 .19 .12 -.08 1.07
Marsh .50 .22 .22 -.16 1.16
Midden .08 .19 1.00 -.49 .66
North 
Plaza
.58
* .15 .01 .11 1.04
Marsh .58
* .19 .04 .01 1.16
Midden -.49 .19 .12 -1.07 .08
South 
Plaza
-.58 .15 .01 -1.04 -.11
Marsh .01 .19 1.00 -.57 .58
Midden -.50 .22 .22 -1.16 .16
South 
Plaza
-.58 .19 .04 -1.16 -.01
North 
Plaza
-.01 .19 1.00 -.58 .57
Fe Midden
South 
Plaza
North 
Plaza
Marsh
Ca Midden
South 
Plaza
North 
Plaza
Marsh
Mn Midden
South 
Plaza
North 
Plaza
Marsh
Multiple Comparisons
Bonferroni
Dependent Variable
Mean Difference 
(I-J) Std. Error Sig.
95% Confidence 
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Bonferroni Post-Hoc Test Continued 
 
 
South 
Plaza
.46 .18 .14 -.10 1.02
North 
Plaza
1.15
* .18 .00 .60 1.71
Marsh 1.29
* .21 .00 .65 1.94
Midden -.46 .18 .14 -1.02 .10
North 
Plaza
.69
* .15 .00 .24 1.15
Marsh .83
* .18 .00 .27 1.39
Midden -1.15 .18 .00 -1.71 -.60
South 
Plaza
-.69 .15 .00 -1.15 -.24
Marsh .14 .18 1.00 -.42 .70
Midden -1.29 .21 .00 -1.94 -.65
South 
Plaza
-.83 .18 .00 -1.39 -.27
North 
Plaza
-.14 .18 1.00 -.70 .42
South 
Plaza
.77 .31 .15 -.17 1.71
North 
Plaza
2.59
* .31 .00 1.65 3.53
Marsh 2.66
* .35 .00 1.57 3.74
Midden -.77 .31 .15 -1.71 .17
North 
Plaza
1.83
* .25 .00 1.06 2.59
Marsh 1.89
* .31 .00 .95 2.83
Midden -2.59 .31 .00 -3.53 -1.65
South 
Plaza
-1.83 .25 .00 -2.59 -1.06
Marsh .06 .31 1.00 -.88 1.00
Midden -2.66 .35 .00 -3.74 -1.57
South 
Plaza
-1.89 .31 .00 -2.83 -.95
North 
Plaza
-.06 .31 1.00 -1.00 .88
South 
Plaza
.56 .20 .09 -.06 1.18
North 
Plaza
1.08
* .20 .00 .46 1.70
Marsh 1.06
* .23 .00 .34 1.77
Midden -.56 .20 .09 -1.18 .06
North 
Plaza
.52
* .16 .04 .01 1.02
Marsh .50 .20 .16 -.12 1.12
Midden -1.08 .20 .00 -1.70 -.46
South 
Plaza
-.52 .16 .04 -1.02 -.01
Marsh -.02 .20 1.00 -.64 .60
Midden -1.06 .23 .00 -1.77 -.34
South 
Plaza
-.50 .20 .16 -1.12 .12
North 
Plaza
.02 .20 1.00 -.60 .64
P Midden
South 
Plaza
North 
Plaza
Marsh
Sr Midden
South 
Plaza
North 
Plaza
Marsh
Ba Midden
South 
Plaza
North 
Plaza
Marsh
